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Power Plant Development Number 


Typical American Power Stations 

Modern Power Plant Trends 
Boilers; Superheaters; Pulverized Fuel Practice; Stok- 
ers; Draft Practice; Steam Turbines; Condensers and 
Electrical ‘Features. 

Combustion Progress. By C. F. Hirshfeld 
Outstanding’ Developments in the Field of Pulverized 
Fuel Burning and: Furnace Construction. 

Progress in the Burning of Pulverized Coal 
Systems in Use; Kinds of Coal Used; Methods of 
Transporting Fuel; Combustion Rates; Methods of Ash 
Removal; Operating Difficulties Encountered and Meth- 
ods of Testing Equipment. 

Stoker Improvements Meet High Ratings 
Methods of Air Supply; Furnace Sizes; Ash and Clinker 
Disposal; Construction of Combustion Arches. 

Forced, Induced and Natural Draft Practice 
Sizes of Fans and Methods of Using Them; Types of 
Drives Available; Use of the Dual Motor Drive; Natural. 
Draft Practice. 


Recent Developments in Feed Water Treatment. By E. H.C 


Tenny 
Practice in Chemical Methods of Treatment; Evapora- 


tion; Deaeration and Stage Feed Water Heating. 

Feed Water Treatment in Power Plants 
Systems in Use; Importance of ,Caustic Embrittlement 
in Present-Day Feed Water Practice; Neutralizing Sys- 
tems Developed for Overeoming Caustic Embrittlement. 


Practice in Feed Water Heating... - 
A Discussion of Systems Used in 

' tions. 

Economizers Developed to Meet High Pressures 
Effect of Pressure” upon the Design of Economizers; 
Ratios of Boiler Surface to Economizer Surface Used; 
Temperature Rangés; Draft Resistance and Rate of 
Heat Transfer. 

Boilers and Superheaters Show Improvements. By: Alex 
E. Bailey : 
Higher Pressures and Temperatures; Larger Boilers; 
—— Ratings; Use of Reheat Boilers and Water 

alls. 

Boiler Pressures Continue to Increase 
Factors Influencing the Use of High Boiler Pressures; 
the Relation of Evaporators to the Boiler Concentration 
Problem; Constructional Details of Modern Boilers; the 
Question of Reheat; Methods of Protecting Reheat 
Tubes. 

Higher Superheats Demand Many Changes 
Ranges of Superheat Temperatures in Use Today; Rela- 
tive Merits of Radiant and Convection Type Superheat- 
ers; Location of Superheater Elements in the Boiler; 
Water Screen Radiant Superheaters; Development of 
the Live Steam Reheater. 

-Bigger and Better Turbines Ahead. By A. G. Christie.... 
Developments Show Trend Toward Higher Pressures 
and Temperatures; Reheat and Extraction. 

Analysis of Present-Day Turbine Installations 
Comments on Pressures and Temperatures Employed; 
Use of Reheat; Turbine Arrangement and Extraction 
for Feed Water Heating. 

Development in Steam Turbine Construction 
Discussion of Types and of Changes Made During the 
Past Two years in Types, Blading, Staging and Bleed- 
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Condenser Improvements Benefit Entire Station 
Single Pass Divided Water Box; Improved Steam Dis- 
tribution; Deaerating Hotwells; Introduction of Boiler 
Make-Up and Improved Cleaning Methods. 


Efficient Auxiliaries Help Condensers 
Increased Use of the Motor Drive; Economy of the 
3-Stage Air Ejector; Use of the Reciprocating Unit; 
Practice of Using External Air Coolers. 

Electric Generator Practice 
Question of Generator Size as Related to the Size of 
the Turbine Unit; Methods of Supplying Current for 
the Auxiliaries; Voltage Regulation of the Main Unit. 

Excitation Systems for Turbo-Generators 
Discussing the Relative Advantages of the Four Sys- 
tems in Common Use; Methods of Driving Exciters 
and Their Relation to the Question of Voltage Regula- 
tion. 

Progress in Generator Cooling 
Consideration of Systems in Common Use; Fire Pro- 
tection as Related to the Question of Generator Cooling; 
Methods of Fire Protection Available. 

Features of Generator Connection 
Description. of Connections Used in Modern Power 
Stations; Switching Features; Methods of Protection 
Available. 

Transformer Developments 

Prevailing Types; Connections and Tap Changing Ar- 

rangements in Use; Necessity for Oil Sludging and 

Cooling. 

Arrangement of Busses 
Use of the isolated phase system; types of switches em- 
ployed and methods of interlocking to prevent acci- 
dents. 

Mechanical Engineers Discuss Power Problems 
Power Fuels and Heat Transmission Discussed at the 
Annual Meeting of A. S. M. E. 

Power Situation in New Jersey 

Power Development of the St. Lawrence River 
Five Million Hp. to Be Made Available, Also Naviga- 
tion for Sea-Going Vessels up to 23 Ft. Draft. 

Rochester G. & E. Corporation Contemplates Hydro De- 
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i ’ Appoint Engineers on Commissions. 
Engineering Progress Depends on Co-operation. Power 
Standardization Needed. Eyesight Conservation. Ac- 
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Fifth New York Power Show Better Than Ever 
In Quality of Exhibits, Diversity of Equipment and the 
Number of Exhibitors, 1926 Power Show Exceeds That 
of Any Previous Year. 


News Notes 


Editorial Comment: 
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ing, Together with Consideration of Changed Steam 
Conditions. 
Condenser Practice Trends Well Defined. By Howard 


Leitch 

Steam Extraction and Increased Size of Units Compli- 
cate Condenser Selection; Improved Designs and Better 
Auxiliaries Give Increased Economy. 
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Typical American Power Stations 
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A. THE TRENTON CHANNEL PLANT, DETROIT, MICHIGAN. B. VALMONT STATION, DENVER, COLO. C. THE EDGAR 
STATION, BOSTON, MASS. D. COLUMBIA STATION, CINCINNATI, OHIO 
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Modern Power Plant Trends 


Errort ro ACHIEVE THE GREATEST HEAT Economy 


AND Heat ADAPTATION TO ConpiTIOns Is EvipENT 








HOICE OF PLANTS for analysis to attempt 
to disclose modern tendencies in proportion- 
ing and equipment of power plants has been 
limited to an extent by data which could be 
procured as well as by time required for such 

analysis. It is believed, however, that sufficient typical 

plants, operating under various fuel and water condi- 
tions, have been included so that the best practice is 
well represented. 

Features selected for consideration were those in 
which changes and progress have been most pronounced, 
ineluding sizes of boilers, equipment with and arrange- 
ment. of superheaters, economizers and air preheaters, 
furnace types and proportions, methods for insuring 
pure feed water, turbine size and arrangement, con- 
denser practice and the main features of generation, 
transformation and switching of electric current. 

As was to be expected, agreement in trends and 
divergence in detail methods are found but, in all fea- 
tures, effort to achieve the greatest heat economy and 
best adaption of equipment to operating conditions is 
evident. 























BoILEers 


Sizes above 25,000 sq. ft. of heating surface are not 
common, development tending rather to higher ratings, 
which, in some late plants, such as Trenton Channel, 
Kearny, Avon, Seal Beach and Fordson, reach 11 Ib. 
evaporation per square foot of heating surface. The 
five plants mentioned represent four types of boiler so 
that, apparently, no one type is better adapted than 
another for large size and high rating. 

One decided trend is toward using larger or more 
widely-spaced tubes directly over the fire so as to ex- 
pose maximum surface to radiant heat. Another is to 
include the entire first bank or lower deck of tubes in 
the first pass, an arrangement which has helped in ob- 
taining the higher ratings. It is notable also that super- 
heaters are being located in the first pass for bent-tube 
boilers and, for latest straight-tube boilers, just. above 
the bottom deck of tubes. 

Pressures have increased but, although favorable 
reports come from the 1200%b. installation at Edgar 





station and operation is satisfactory with 600 lb. at 
Columbia, Crawford and Philo plants, the majority 
favor 450 lb. until more definite experience is available 
as to upkeep and operation. Older central stations still 
use 300 Ib. and industrial plants usually stop at 200 lb. 

Apparently the number of passes in general use, 
which ranges from one to five, is more a function of 
external conditions and equipment than of the boiler 
itself. As feed water is brought more nearly to boiler 
temperature by extension of the regenerative cycle, the 


-last passes, as well as economizers, become of less im- 


portance and responsibility for extracting heat from the 
flue gases is being thrown onto the air preheater. Re- 
heating and extreme high pressure units have, so far, 
been of straight tube type but other types are being 
developed for such service. Reheat adds considerable 
complication to the piping layout for boilers and calls 
for automatic control of stokers according to the tem- 
perature of the reheated steam as well as automatic 
doors to admit cool air to the upper part of the setting, 
in ease an accident interrupts the flow of steam. To 
protect from direct exposure to high furnace tempera- 
tures, reheat sections are placed above the regular boiler 
tubes and superheaters. . 

Mechanical .soot blowers have become standard 
equipment, with compressed air used as a blowing 
medium in some high-pressure stations, although the 
majority of installations use low-pressure steam, taken 
from the auxiliary line or reduced through an orifice 
to the required pressure. 

With one exception, Avon Station, where hand regu- 
lation of feed water is used because found satisfactory 
in other of the company’s plants, feed water regulators 
are standard equipment. 


SUPERHEATERS 


Development has centered largely around the lower- 
ing of the elements so-as to bring them closer to the 
fire. They are now located in the first pass of bent 


tube boilers, or just above the bottom deck for straight 
tube types. Little change is apparent in the percentage 
of superheating surface to boiler heating surface, al- 
though much steadier superheat is maintained with 
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varying loads. This per cent of superheating to boiler 
heating averages 20 but, in some exceptional plants, 
such as Valmont, Long Beach, Edgewater and Iron 
Mountain, the ratio runs well over 50 per cent. For 
the larger plants, having about 18 per cent ratio, super- 
heat ranges from 250 to 280 deg. 

Use of radiant type superheaters is not wide, pos- 
sibly due to the difficulty of maintaining them in the 
high temperatures and because the convection super- 
heater, when brought closer to the fire, gives practically 
the same effect as the radiant type. Riverside plant 
uses convection and radiant types in series to give a 
constant superheat at all loads, while the Fordson plant, 
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although it was formerly so considered. Justification 
for it seems to be not so much from the standpoint of 
improved combustion as of preventing trouble in the 
bins, transport lines and feeders. At Columbia and 
Trenton Channel plants, coal of 3 or 4 per cent mois- 
ture is supplied and is dried only when, after long 
storage, it contains more than this amount. Cahokia 
dries coal from 11 per cent initial down to 81% per cent 
and the mills further dry it to 5 per cent. Valmont 
uses lignite containing 19 to 28 per cent moisture but 
dries it all to 19 per cent in order to prevent bridging. 

Experiences of various plants indicate that burners 
designed to produce turbulence of the coal and air 














































































































GENERAL DATA ON STATIONS 

DESIGNING COMPANY TYPE CAPACITY VOLTAGE STEAM CONDENSING. 
a ENGINEERS HOLDING OPERATING | CCCATION | PLANT — foresewfucTimare| cencemen| means” | PRESS. yee contol WATER 
COLUMBIA =| SARGENT £ LUNDY INC. Ree oy AND | corumBiA POWER CO. | CINCINNATI 0. | BASE LOAD [40,000/ 360000 }13,200 | 66000 | 6iS5 W.VIRGINIA COAL OHIO RIVER OM10 RIVER 
CRAWFORD | SARGENT ENUNDY INC. 1 COMMONWEALTH EDISON CO. | COMMONWEALTH EDISON CO.] CHICAGO, ILL| BASE LOAD * |227000[1,000.000 fiz2,500 [132,000 | 615 | ILLINOIS CHICAGO RIVER | CHICAGO RIVER 
PRLO SARGENT & LUNDY INC | AMER:GAS ZELEC.CO. [OHIO POWER CO. PHILO, O. BASE LOAD 60,000 | 240,000 14000 132,000 615 BITUMINOUS RIVER MUSKINGUM ®. 
Cre nioeL. | DETROIT EDISON co. THE DETRONT EDISON co. DETROIT MICH] SYSTEMLOAD [200,000] 300,000 }12,200 120,000 | 430 W.VA. AND KENTUCKY | DETROITRIVER | DETROIT RIVER 
RICHMOND | Src labeLPHia ELEC.CO.| PHILADELPHIA ELEC. CO] PHILADELPHIA ELEC.CO}PHILADELPHIAPA SYSTEM LOAD | 1000: ooo figooo | O0, pas CLEARFIELD R.O.M. | DELAWARE RIVER | DELAWARE.R. 
KEARNY | PUB. SERV. PRODUCTIONCO. | PUB.SERV.CO.OF N.J, | PUBLIC SERVICE | J KEARNY,N.J. | BASE LOAD 185000} 320000 [13,600 [132,000 | 375 Bituminous RIVER RIVER (WACKENSACK)| 
AVON CLEV. ELEC. ILL. CO. NORTH AMERICAN CO. | CLEV, ELEC. nL. CO. | CLEVELAND, O | SYSTEM LOAD | 70,000} 500,000 [13,200 |152,000 | 405 LAKE LAKE ERIE 
SOMERSET STONE AND WEBSTER INC. MONTAUP ELECTRIC CO. J FALL RIVER MASS.) BASE LOAD 60,000 | 210,000 14,000 66.000 390 OL COLES RIVER TAUNTON RIVER 
NARRAGANSET | JENKS & BALLOU NARRAGANSET|T ELEC. LTG. CO. PROVIDENCE,R1| SYSTEM LOAD | 35,000 14,000 |66,000 | 390 NEW RIVER & POCAHONTAS) CITY NARRAGANSETT BAY 
EDGAR STONE & WEBSTER,INC] EDISON ELEC. ILLUMINATING CO. OF BOSTON | WEYMOUTH, MASS] SYSTEM LOAD [67,150 | 350,006 | 14,000 37s NEW RIVER city PORE RIVER 
LONG BEACH | STONE & WEBSTER, INC.] SO. CALIFORNIA EO}/SON COMPANY LONG BEACH,CAL] BASE LOAD 70,000 | 70,000 11, 000 72,000 410 On & GAS WELLS PACIFIC OCEAN 
SEAL BEACH | DWIGHT P. ROBINSON A col LOS ANGELES 6.&.£ CO} SEAL BEACH, CAL! SYSTEM LOAD | 30,000 | 180.000 $13,200 | 110,000 | 400 on & GAS city PACIFIC OCEAN 
POI an Bae ieee PUDDLETOWN, PA] SYSTEM LOAD ]65000| 200,000 13,200 | FS00 © | 365 econ © WELLS SUSQUEHANNA RIVER 
CAMOKIA — | MCCLELLANE JUNKENFELD INC] THEN. AMERICAN co, [UNION ELECERIC. =| Heanoxia, wi. | SYSTEM LOAD ]1¥5,000|300,000 13.00 [33000 | 365 LLINOIS RIVER WATER MISSISSIPP! RIVER 
RIVERSIDE | UNITEDLYP. ENG-ECONST.CO. | UNITED LIGHT EPOWER CO. | RIVERSIDE POWER MFG.CO.DAVENPORT,IA. | SYSTEM LOAD $20,000 13200 [66,000 | 440 CENT. ILUNOIS WELL OR RIVER MISSISSIPPI RIVER 
WAUKEGAN | SARGENTeLUNDY INC. PUBLIC SERVICE CO] OF NORTHERN ILL. | WAUKEGANILL.| SySTEM LOAD 1.60000 |250,000 12,000 [132,000 | 40018. | 1LLWNors BITUMINOUS LAKE MICHIGAN LAKE MICHIGAN 
VALMONT | HENRY L. DOHERTY & CO. | CITIES SERVICE CO. | PUB. SERVICE CO. OF COU DENVER, COL. | SYSTEM LOAD 120,000 | 200,000 113,600 | 100,000 | 390 COLO. LIGNITE LAKE VALMONT LAKE 
HALES BAR | EW.CLARK ENG.co, | COMMONNERITN | | TENN. ELECTRIC POWER CO! a ee 40,000] 40,000 113,200 |125,000 | 390 TENN. BITUMINOUS RIVER TENNESSEE RiveR 
BIG SIOUX U. G. 1. CONST, CO. SWOUK CITY G. & E. CO. [SIOUX CITY, JA | SYSTEM LOAD [22,500] 67,500 | 6,600 [33,000 [370 ILLINOIS & 1OWA WELL BIG SIOUX RIVER 
NEOSHO KANSAS GASE ELECT. CO AMER. PWR. & LTG. CO. | KANSAS GAS E ELECT. CO. WICHITA, KAN. SYSTEM LOAD 15000 12900 o—_* 35 KANSAS COAL, O11 AND GAS NEOSHO RIVER NEOSHO RIVER 
DRESSER | STONE & WEBSTER, INC. | AMER. PUB. UTIL. CO. |INDIANA ELEC. CORP, | TERRANAUTE, IN] SYSTEM LOAD [60,000] 60,000 13,200 365 INDIANA RIVER WABASH RIVER 
EDGEWATER | HENRY L. DOHERTY € CO, CITIES SERVICE CO. OMm0 PUB. SERVICE LORAIN, ONIO SYSTEM LOAD [25,000 6,600 132900 ois €. On10 BITUMINOUS LAKE LAKE ERE 
BARBADOES | U.G. I. CONT. CO. UNITED GAS IMP.CO. | COUNTIES GAS ZELECT.CO. | MORRISTOWN,PA.| SYSTEM LOAD [40,000 |120,000 [13,000 320 BITUMINOUS RIVER SCHUYLKILL RivER 
PINE GROVE | J.G.WHITE ENG. GORP. EAST PENN.ELEC.CO. LEHIGH POWER SEC.CORR | PINEGROVE,PA.| SYSTEM LOAD |25000 | 200,000 12,000 66,000 MSs ANTHRACITE RIVER SPRAY POND 
RON MT. ALBERT KAHN, INC. | FORD MOTOR CO. | FORD MOTOR CO. IRON MT.mich] INDUSTRIAL ] 4,500 | 10,000 |'scoq [13,200 | z6s INDUSTRIAL WASTE | MENOMINEE RIVER | NON COND. 
FORDSON ALBERT KAHN, INC. FORD MOTOR co. FORD MOTOR CO. DETROIT,MICH.| INDUSTRIAL 15,000} 240,000 [13,200 13,200 265 KENTUCKY & W. VA. CiTy WATER RIVER ROUGE 
Heer y BROTHERHOOD OF LOCOMOTIVE ENGINEERS CLEVELAND,O. | OFFICE BLDG. ] 2000 | 2000 =} 250 250 235 BITUMINOUS CITY WATER NON COND. 
BETTENDORF/ BETTENDORF CO. BETTENUORF COMPANY BETTENDORE,IA.| INDUSTRIAL [5000 | 7500 2300 eps 165 WASTE HEAT AND O1L RIVER WATER MISS. RIVER 
BAYONNE STANDARD O1L CO STANDARD Ou CO. STanO0aRD Ou CO, BAYONNE,N.J. | INDUSTRIAL NO JELECTRIICAL EQUIPMENT 195 ANTHRACITE city WON. COND 





















































which uses the water screen as independent of the boiler, 
carries the steam so generated through a radiant super- 
heater direct to the steam main. This superheater is 
protected somewhat from intense heat by installing it 
behind a water screen formed by cutting the fins from 
the fin-tube side walls. 

Total temperature ranges about 750 deg. as the maxi- 
mum practical limit. Higher temperatures are reported 
in Europe but, with present metals, it is felt that the 
risk involved, considering the temperature and mechan- 
ieal stresses in large units, is not justified. 

PULVERIZED F'UEL PRACTICE 

Most of the plants tabulated use the bin or central 
system, thus seeming to establish it as general practice 
for large central’ stations, but unit pulverizers have 
been applied successfully, especially in the rebuilding 

‘of boilers and furnaces. Sherman Creek, Brunot 
Island, Rechester Gas & Electric Co., and Mahoning- 
side have all reported good results with the unit sys- 
tem. Drying does not seem to be always necessary, 


stream, or to give whirling flame in the furnace, offer 
possibilities for economy. Trenton Channel has made 
experiments with modified forms of the fan tail burner, 
with deflectors and steam injection. Several new types 
of burners designed to produce turbulence are now on 
the market. The horizontal and vertical arrangement 
at the Columbia station has given good results. The 
Sherman Creek plant is using well-type furnaces and 
one has been installed at Brunot Island but no results 
have, as yet, been reported. Buffalo General Electric 
Co. is now installing a modified well-type furnace under 
four new boilers. 

As to furnace walls for pulverized fuel furnaces, 
the plants tabulated do not show a majority using 
water-cooled walls but do show a tendency in that direc- 
tion. If some other plants such as Colfax, Brunot 
Island, Sherman Creek and Hell Gate had been in- 
cluded, the tabulation would have a decided leaning 
toward use of fin-tube walls or water-cooled refractories. 
Columbia, Avon and Tfenton Channel use air-cooled 
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walls successfully and the Cahokia plant, which has 
used air-cooled walls, is changing to water-cooled. 


STOKERS 

For plants of large size, apparently only two types 
of stokers are considered. These are the underfeed 
and the forced draft chain grate, the underfeed pre- 
vailing in plants burning bituminous coals, while the 
chain grate is chosen in most cases where anthracite or 
middle west bituminous coals are burned. Gradual 
increase in furnace volume has been taking place over 
20 yr. until, today, the peak seems to have been defi- 
nitely reached and, because of the use of preheated air 
and agitation of the furnace gases, material reduction 
in furnace volume is predicted by combustion authori- 
ties. 


either air-cooled with tile corbelling, or water-cooled, 
or in some cases the use of radiant-type superheaters. 


Artificially-cooled furnace walls are coming into use, 
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with stoker firing both use preheaters and economizers, 
while the Fordson plant uses a large preheater and no 
economizers and Avon, the newest pulverized coal plant, 
has no air preheaters. 


DraFt PRACTICE 


In modern central stations the practice is tending 
more and more to the use of both forced and induced 
draft, since boilers and furnaces have grown to such 
proportions and are operated at such high ratings that 
this equipment has become necessary. Fans vary in 
capacity between 20,000 and 280,000 cu. ft. a minute, 
with motors used almost exclusively for drive. The 
variable speed, a.c. motor is most popular, one fan per 
boiler being used on both the forced and induced draft 
sides. 

Freep WaTER SysTEMS 

Proper treatment of feed water to prevent scale 

formation and corrosion becomes more essential as pres- 
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PHILO STATION OF THE AMERICAN GAS & ELECTRIC CO., AT PHILO, OHIO 


All these tend to reduce furnace temperatures with 
beneficial effect on the life of the refractory. 


ECONOMIZERS AND AIR PREHEATING 


Increase in boiler pressures has brought about 
changes in the economizer. Steel tubes with protected 
gas surfaces are now commonly used, the integral type 
being usually favored rather than the group arrange- 
ment. In fact, it is the tendency to make each boiler 
unit independent, with the units interconnected only 
through feedwater and steam mains. With high-pres- 
sure boilers, the tendency is to use a higher ratio of 
economizer surface to boiler heating surface than was 
formerly practiced, the counter flow arrangement pos- 
sible with economizers giving a more efficient heat 
transfer. 

Use of air preheaters depends on how they fit in 
with the extraction feed water heating arrangement; 
also, where air preheaters are used, it has an effect on 
the amount of economizer surface installed per boiler 
but no definite relation has yet been established, as the 
most desirable degree of preheating is still an unsolved 
problem. Columbia with pulverized coal and Philo 


sures and temperatures in the boilers increase. While 
no radically new developments in methods of treatment 
have appeared, many old methods have developed to 
adapt them to modern conditions. Most widely used of 
the chemical methods are the lime-soda, hot process and 
the zeolite process. Tri-sodium phosphate as a substi- 
tute for sodium carbonate in water treatment is also 
advocated. 

Use of evaporators for distillation of feed water is 
increasing and all of the larger stations use some 
method of deaeration, which is often combined with one 
stage of the regenerative cycle of preheating that has 
now become standard for all large stations. 


Steam TURBINES 
Development to operate with pressures of 500 to 
600 lb. and temperatures of 700 to 750 deg. has taken 
place, with the Edgar plant specially operating at 
1200 lb. Reheating of steam is practiced at Columbia, 
Philo, Crawford and Edgar plants, the reheating at 


‘Columbia being after passage through the high-pressure 


cylinder of the tandem-compound unit, at Philo be- 
tween the seventh and eighth stages, at Crawford de- 
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SEAL BEACH STATION, SEAL BEACH, CAL. 


pending on the design of the units but being at pres- 
sures of 110 to 132 lb. and at Edgar after exhaust from 
the 1200-lb. turbine. No reheat will be used in the 
No. 4 Crawford unit. 

Tandem-compound arrangement of units is used at 
Columbia and Richmond and cross-compound at Craw- 
ford but most other large turbines are of single-cylinder 
type. 

Much consideration has been given to the special de- 
sign of blading for the low-pressure end, where diffi- 
culty is encountered in passing the large volume of 
steam through the blades without making them of un- 
desirable length. Compounding is, of course, one an- 
swer to this. problem and another has been the splitting 
of the steam in the last two or three stages among two or 
more sets of blades. Bleeding of steam for process work 
and for the stage heating of feed water has become 
standard practice, three or four stages being ordinarily 
used, although the Avon station has only one stage. 

A development having promise in the direction of 
heat economy would be the increase of initial tempera- 
ture, but, the problem of development in materials has 
held this back. 

CONDENSERS 

For conditions where water level fluctuations are 
great, or where excavation cost for horizontal condens- 
ers would be prohibitive because of the large size of the 
unit, the vertical condenser is admirably adapted, as 
typified in the plants at Columbia, Philo and Crawford. 
By splitting units into two sections, as at Crawford, 
‘ the piping for the turbine exhaust and the general 
auxiliary layout are greatly simplified, while manufac- 
turing and installation problems become those of a unit 
of half the size otherwise required. 
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Where water is plentiful, the single pass condenser 
is becoming a favorite, Susquehanna, Avon, and Tren- 
ton Channel being recent examples of this practice. 
Tendency is toward the use of smaller surfaces per in- 
stalled kilowatt of capacity even where the single pass 
is not adopted. Surfaces of considerably below 1 sq. ft. 
per kw. are not uncommon, although the larger stations 
are more conservative and it is probable that the value 
of 0.95 at Trenton Channel will be the record for some 
time. 

Low condensate temperature, which was character- 
istic of the older designs and of the vertical types be- 
cause of the arrangement of the lower tube sheet of 
this type, is of small consequence in plants where steam 
is bled from the lower stages of the turbine but can be 
remedied easily by the reheating hotwell. 

Examples of small surfaces per kilowatt for other 
than single pass condensers are the two-pass units at 
Columbia, Richmond, Kearny, ‘Susquehanna and the 
second Valmont unit. Older stations in the Mississippi 
Valley, such as Barbardoes Island, Pine Grove, Neosho, 
Dresser and Hales Bar, use considerably larger surfaces, 
due perhaps to water conditions but, where changes have 
taken place in the same plant ‘between new and old 
units, as in Cahokia, Fordson and Valmont, decreased 
temperatures and increased steam flow per unit surface 
are evident. Fordson is the only plant considered 
which uses three-pass units, while at Narragansett, be- 
cause of the corrosive water, the jet type was adopted 
with lead-lined shell. This is the largest jet condenser 
ever built and consists of two units operating in parallel. 

For tubes, Muntz and Admiralty metals continue to 
hold first place, although brass has been used at the 
plants of the Bettendorf Axle Co., at Edgewater, Val- 
mont and Waukegan stations, four plants in widely 

















THE IRON MOUNTAIN PLANT OF THE FORD MOTOR CO. 
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separated parts of the country. One inch tube of No. 
18 B.w.g. are nearly standard, although the 16 gage is 
found more economical in some plants because of longer 
life, notably in the Pacifie Ocean plants at Long Beach 
and Seal Beach, which use sea water uncontaminated 
by sewerage. For the packing of tubes, perhaps the 
most common practice is rolling or expanding one end 
of the tube into the tube sheet and using a standard 
packing of some form on the other end. 

Deaeration in hotwells is making progress because 
of its efficiency in oxygen removal and, in many cases, 
has eliminated the necessity for deaerators in the sys- 


tem. At Riverside and Big Sioux plants, feed make-up - 


is introduced into the condenser, and carried along 
with the condensate. 

Variable speed circulation pump motors are used in 
most stations with a tendency toward the use of two 
pumps, both with and without a divided water box. 

For air removal, steam jet ejectors are the favorite 
method but often installed in parallel with rotary dry 
vacuum pump. Trenton Channel, Edgar and Cahokia 
plants still use only the rotary dry vacuum pump and 
it is possible that, with the development of the vertical 
type of this pump, it will again come into favor be- 
eause of its lower power consumption. 


GENERATORS 


Electric generator design has undergone no radical 
changes during the past few years except that size of 
units is steadily increasing. Apparently there is no 
difficulty in building generators to connect up to any 
size turbine that may be designed. 

Voltage is standard around 12,000 to 13,000 v. with 
6600 v. used in smaller installations but the. smaller 
voltage is the exception. Universal use of 60-cycle fre- 
quency limits the speed of generators to either 1200 or 
1800 r.p.m. Because of its many advantages, use of 
the shaft generator for auxiliary supply is becoming 
popular. The house turbo-alternator is also used, but 


because of relatively low efficiency is mainly for emer- 
gency use, normal auxiliary supply being derived from 
the main alternating current system through trans- 
formers. 





AN AIRPLANE VIEW OF RICHMOND STATION AT PHILADELPHIA, PA. 





Noteworthy advances have been made in cooler de- 
sign and cooling methods, among them being the use of 
washed air for generator cooling and the incorporation 
of fire protective and detection methods which have ar- 
rived at an efficient and reliable status. 


Generator leads in most cases are connected directly 
to low-voltage buses through main circuit breakers but, 
in several recent installations, generators are connected 
direct to the primary windings of step-up transformers 
and all switching is done on the high tension side of the 
transformer. Widely different designs of switching 
equipment are used in different stations but, in all 
cases, remote control is used from the main control room. 
Hydraulically operated switch gear, which is installed 
in a number of recent stations, seems to be giving good 
satisfaction. Grounding of the neutral is quite general 
and, to guard against internal trouble, differential relay 
protection is used in nearly all cases. In a few cases 
reactors are placed in the generator leads to limit the 
current under short circuit conditions but the practice 
is not general. 


ELECTRICAL SWITCHING AND TRANSFORMATION 


Use of the isolated phase arrangement of busses with 
interlocks on circuit breakers and also disconnects and 
compartment doors are important developments in the 
switching system. Switching on the high-voltage side 
of transformers has already been mentioned. Protec- 
tion of switching devices and systems is the important 
development in the feeder system control, with greater 
use and development of lightning arresters and surge 
absorbers. 

In transformer practice, the most noteworthy steps 
are the interlocking of circuit breakers and the location 
of taps in the middle of windings. Cooling methods 
have also been developed, water cooling being used to 
an increasing extent. 

In general, the development of station practice may 
be defined as working toward the greatest possible heat 
economy, maximum safety for machinery and operators, 
centralization of control of apparatus and the simplifi- 
eation of control methods and of operating routine. 
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OUTSTANDING CHANGES RESULT FROM ADAPTATION OF PULVERIZED FUEL, ARTIFIC- 
IALLY CooLED FuRNACE WALLS AND REGENERATIVE Heatine. By C. F. HirsHre.p* 


he IS EXCEEDINGLY wise for those immersed in a 
major development to step out of the picture oc- 
casionally and to attempt to appraise the progress made 
as it would be viewed by an outsider. Only in this way 
is it ordinarily possible to obtain correctly proportioned 
estimates of real values. With such estimates in mind 
one may return to his task with a better perspective 
and with greater certainty of accomplishing quickly the 
next logical steps. 

Development of combustion methods and equipment 
has been so exceedingly rapid during the past few years 
that it seems particularly pertinent now to stop long 
enough to look hastily over what has been done and 
what appears to be in the doing. 

It may be said that three different things occurring 
almost concurrently have been largely responsible for 
the exceedingly rapid recent development in this field. 
These are: 

(a) The final adaptation of pulverized fuel to use 
in steam boiler furnaces. 


(b) The adaptation of the artificially cooled fur-. 


nace wall to stationary boilers of the water tube type, 
and 

(c) The rapid and extensive adoption of regenera- 
tive heating in steam power plants. 

Adaptation of pulverized fuel not only set new 
standards of thermal performance but also new stan- 
dards of furnace size; new conceptions with respect to 
attainable flexibility and new ideas with respect. to the 
availability of the poorer grades of coal. It is not neces- 
sary to argue here the question of net results obtained 
by the use of pulverized fuel; the fact of importance 


now is that its use brought about in’ a short period of — 


time very great changes in.what the combustion engi- 
neer thought it reasonable to demand of ¢ombustion 
- equipment and reasonable to provide in order that com- 
bustion equipnient might function to the best advantage. 
Higher thermal efficiency, greater flexibility, greater 


*Chief of Research Department of the Detroit Edison Co. 


ease of control, greater freedom from limitations previ- 
ously set by small variations in character of coal, all 
came into the picture suddenly and served to jar loose 
previously existing habits of mind. Complications 
previously undreamt of in the minds of practical op- 
erators were accepted; furnace sizes far exceeding any- 
thing previously considered as normal ‘were approved. 

The introduction of the artificially -cooled furnace 
wall in one form was a direct result of the use of pul- 
verized fuel but the water cooled furnace wall followed 
immediately after and appears to have been first applied 
to stokers. In fact both air cooling and water cooling 
had for years been applied to small sections of the walls 
of stoker fired furnaces. The real development came 
with an appreciation of the fact that such cooling could 
be applied on a much greater scale than had been re- 
alized. The introduction of such extensive cooling made 
possible an immediate increase in the output of a fur- 
nace of a given size and therefore raised materially the 
ratings obtainable from boilers set over furnaces of 
given dimensions. 

Introduction of regenerative heating brought about 
a situation in which the economizer could no longer be 
used advantageously to the same extent as before. High 
economy in the turbine room required heating the feed 
water to a high temperature by means of bled steam 
and this was not consistent with high economy obtained 
in the boiler room by means of economizers. The result 
was the adoption of the air preheater, either alone or in 


‘combination with a comparatively small economizer. The 


air preheater was found greatly to improve combustion, 
shortening the flame, making combustion more complete 
and control more flexible. 

Manufacturers of stokers may not have believed. all 
of the claims made for pulverized fuel: but they were 
not long in realizing that improvements in stokers were 
in order. Such improvements were made rapidly and 
effectively in both the chain grate and underfeed types. 
With the larger furnace sizes that were being used, 
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with the acceptance of greater complication and with 
the introduction of preheated air and water cooled or air 
cooled walls it became possible for the stoker manufac- 
turer to obtain results previously impossible. In a gen- 
eral way it may be said that stokers have been greatly 
increased in size, have been made more flexible both 
with respect to control and to variations in character 
of fuel and have been improved with respect to extent 
and cost of maintenance required. 

At the present time it is possible to equip a boiler 
plant with either stokers or pulverized fuel firing equip- 
ment capable of driving the boilers at what would have 
been considered exceptionally high ratings a few years 
ago. There are authentic records of pulverized fuel 
operation at over 400 per cent boiler rating for long 
periods of time and of stoker operation at over 500 
per cent boiler rating. There is reason to believe that 
both figures can be materially exceeded if it is found 
desirable to do so. Moreover, equipment of both kinds 
is capable of giving gross thermal efficiencies of between 
85 per cent and 90 per cent over fairly wide ranges 
of load. ' } 

It looks as if we have about reached the maximum 
development of furnace size for some time to come. At 
present, effort is being concentrated on burning more 
fuel in furnaces of the present size rather than going 
further in increasing furnace dimensions. In the ease 
of stokers this is being brought about largely by the 
use of well cooled furnace walls and the use of highly 
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preheated air, combined with improvements in stoker 
design directed toward eliminating clinkering difficul- 
ties. In the case of pulverized fuel it is being accom- 
plished by the use of well cooled furnace walls, pre- 
heated air and turbulent types of burners intended to 
give shorter flames due to more perfect mixing of fuel 
and air. 

It is interesting to note that the use of turbulent 
types of burners which is now made possible by im- 
proved furnace construction is a reversion to the earlier 
methods suggested but which were found impracticable 
because the furnace walls in use at that time could not 
withstand the combined action of ash and high tempera- 
ture and because no means were available for prevent- 
ing the fusion of ash into a mass at the bottom of the 
furnace. 

In the case of pulverized fuel, the evidence at hand 
points to a continued development and ever increasing 
use of the unit mill idea and the abandonment for most 
purposes of the central preparation type of plant. It 
is as yet too early to state positively that it will be 
possible to handle all types of fuel on the unit prin- 
ciple and there is still some question with respect to the 
degree of flexibility and accuracy of control. Such evi- 
dence as is available points however to the ultimate 
adoption of the unit principle. 

In the case of stokers it appears that increasing size, 
adaptation to very highly preheated air, and better con- 
trol of fuel and air are to be expected. 


Progress in the Burning of Pulverized Coal 


Discussion oF Types OF Furnaces USED, PREPARATION AND BURNING 
or Coa, Use or Arr PREHEATERS AND VARIOUS OPERATING EXPERIENCES 


N THIS ANALYSIS of the developments in the 
burning of pulverized coal during the past two years, 
it should be kept in mind that we expect to treat here 
only those developments that have been in regular opera- 
tion. The developments noted here have, as might be 
expected, led to further changes and at present designs 
are being installed which carry these developments *o 
their logical conclusions. 
There has been a decided trend toward the use of 


water-cooled furnace walls and elimination of refrae-. 


tories. From this has developed the well-type furnace 
and the steam generator in which the furnace walls 
generate all the steam. 

In the stations which will be analyzed here it will 
be noted that the central or bin system of pulverized 
coal preparation is used almost exclusively, typified by 
Fig. 1. At several stations, however, experiments have 
been carried out with many types of unit pulverizers 
and it appears that the unit system is being given much 
consideration. This is particularly true in cases where 
boiler plants have been rebuilt; in such cases the unit 
system has been found to be one solution of the problem. 


GENERAL COMMENTS ON BURNING PULVERIZED COAL 

In many cases it is found that the coal burned in 
pulverized coal plants at present is that which can be 
delivered to the plant at the lowest cest per B.t.u. 
rather than the lowest cost per ton. It will be noted 
also that some stations are burning coal in pulverized 
form which probably could not be burned economically 


by other methods. At the Binghamton and Susque- 
hanna stations, anthracite has been burned with con- 
siderable success although boiler ratings and efficiencies 
are not as high as can be obtained with bituminous coal. 
As noted on Table I, the Valmont plant burns Colorado 
lignite with a moisture content running as high as 28 
or 30 per cent but averaging about 22. Several plants 
in Texas which are not tabulated here are also burning 
lignite. 

Some stations, such as Valmont, have found it neces- 
sary to dry the coal before pulverizing in order to 
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FIG. 1. COAL PREPARATION PLANT AT AVON STATION 
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prevent bridging in the bunkers and trouble with the 
pulverized coal feeders. Some drying of the coal is, of 
course, effected by admitting warm air to the pulverized 
coal circulating system. In general, however, there 
seems to be a tendency to get away from the use of 
dryers as much as possible. At the Trenton Channel 
plant, for instance, they are installed primarily for 
emergencies in handling coal which may have absorbed 
excessive amounts of moisture from being stored for 
long periods. : 

Elimination of dust, both coal and ash, is being given 


ENGINEERING 


January 1, 1927 


newer installations toward the lower rather than the 
upper limit. In the plants tabulated here it will be 
noticed that the average is about 0.6 or 0.7. Water 
cooling of furnace walls, however, and means for in- 
ereasing the turbulence of the coal and air mixture as 
it is injected into the furnace will have considerable 
effect in keeping these furnace volumes down. Several 
types of burners for increasing turbulence have been 
recently developed. 

Installation of pulverized coal burning equipment 
which will be completed in the near future will illus- 






































































































































































































































considerable attention in pulverized coal plants. Ac- trate the general tendency noted here. At one of these, 
es 
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cording to the 1926 report of the ‘Pulverized Fuel Com- 
mittee of the N. E. L. A., recent :developments indicate 
that 95 per cent or more of the ash from flue gas can 
be removed by the electrical precipitation method. 
Considerable experimentation has been carried on at the 
Trenton Channel station with such precipitators and 
some interesting results may be; expected in the near 
future. Cindervane fans and special types of collectors 


are used in some cases with success, while spray type 
washers have also been applied to this work. 

The range of furnace volumes in modern pulverized 
fuel plants is between 0.35 and 1.0 cu. ft. per square 
foot of boiler heating surface, with a tendency in the 


a large central station, boilers equipped with well type 
furnaces are being installed. Some time ago an experi- 
mental furnace was installed at this plant in which 
extremely high combustion rates were attained. The 
results were so good that, with some modifications, the 
same type of furnace has been applied to four new 
boilers now being installed at this plant. The expe- 
rience with well type furnaces at Sherman Creek has 
also proved most instructive. One boiler was originally 
provided with well type burners located outside the 
furnace proper and arranged so that the turbulent 
action would be produced in the wells or boxes. After 
some experimenting with this construction it was finally 
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decided to introduce the burners into the furnace in 
such a way as to set up turbulent action inside the entire 
furnace. This arrangement is shown in Fig. 2. 


Many Types or Coat Have BEEN PULVERIZED 


As noted above, many kinds of coal have been suc- 
cessfully burned in pulverized form. These coals range 
from West Virginia and Kentucky coals of 13,000 and 
14,000 B.t.u., as burned at Columbia and Trenton Chan- 
nel, down to the Iowa coal of 8870 B.t.u. burned at the 
Big Sioux station, and the Colorado lignite burned at 
Valmont. At Narragansett plant it was found that New 
River and Pocahontas slack gave the lowest cost, 
greatest availability and a high B.t.u. content. At the 
Susquehanna River station mixed anthracite and bitu- 
minous dredged from the river are burned with ex- 
tremely good results. At the Fordson or River Rouge 
plant a good grade of Kentucky coal is burned in com- 
bination with blast furnace gas from the industrial 
processes. 

Most of these stations use stationary dryers employ- 
ing steam and air, steam and flue gas, or flue gas alone 
as the drying medium. At Columbia rotary dryers are 
used, the drying medium being flue gas from a pulver- 
ized coal burner. The Fordson plant has no dryers 
installed, as the coal is air dried in the mill. 


OnE PLANT Burns NINE FUELs IN SUSPENSION 

Of particular interest in discussing fuels is the ar- 
rangement used at the Iron Mountain plant. Here nine 
different fuels are burned in suspension in a standard 
type of pulverized coal furnace with air-cooled hollow 
walls. Pulverized coal in this case forms only a small 
portion of the fuel burned. Almost 100 per cent of the 
fuel burned at Iron Mountain consists of industrial by- 
products from a large chemical plant and wood-working 
factory. Dry chips, shavings and dry sawdust are pro- 
duced in a large body plant and these three fuels are 
burned in suspension. Wet sawdust and hogged fuel 
are produced in the sawmill and, if not used in the 
chemical plant, can be burned on grates at the bottom 
of these furnaces. The chemical plant, which takes 
most of the wood waste from the wood-working proc- 
esses, supplies wood gas, oil and tar as well as charcoal 
to the plant as by-products of the wood distillation 
process which it carries on. The gas is piped direct to 
the furnaces, the oil and tar are handled by standard 
oil burning equipment and the charcoal is pulverized 
and handled with pulverized coal equipment. To sup- 
plement this arrangement, pulverized: coal was added 
since the chemical plant by-products are not always 
sufficient. 

At the plant of the Bettendorf Co., steam is gener- 
ated in the boilers by waste heat from basic open hearth 
furnaces as noted in the tables. 

In plants like Columbia and Trenton Channel where 
the coal has an initial moisture of 3 or 4 per cent the 
drying of coal is not always necessary, as noted, except 
in cases of emergency. At Cahokia, however, the coal, 
which is Belleville and Kathleen screenings, has an 
initial moisture content as high as 11 per cent. The 
dryers, which are of the flue gas type, reduce this mois- 
ture to 8.5 per cent and it is further reduced to 5 per 
cent in the pulverizing mills. At Valmont, burning lig- 
nite having a moisture content of anywhere from 19 
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to 28 per cent, it is found that as far as combustion is 
concerned this lignite can be burned without drying. 
Some trouble, however, is encountered with bridging in 
the bins when the moisture content is above 19 per cent, 
so it is usually dried to this point. In addition it is 
found that drying increases the capacity of the mills 
from their nominal rating of 6 t. to about 10 t. 

In general the coal is pulverized for use in these 
plants so that about 65 per cent of it passes through a 
200-mesh screen. The figure given for the Fordson 
plant is 78 per cent but, as far as we can determine, 
from 60 to 70 per cent is a common figure. 


TRANSPORTING PULVERIZED COAL 


Transportation of pulverized coal from the mills to 
the boilers, in the case of the plants tabulated here, is 





ISOMETRIC SKETCH SHOWING BURNER- ARRANGEMENT 
OF BOILER No. 10 









WINS 


ZN Ye Z CON 
Ay ; HM 








NS ZS 4 i} 
RR hhnhhwoo npna»a»nr 


FIG. 2, BURNER ARRANGEMENT TO PRODUCE TURBULENCE 
IN A FURNACE AT SHERMAN CREEK 
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usually by means of serew pumps with air introduced 
to aerate the coal and make it flow easily. At Nar- 
ragansett screw conveyors are used in some parts of the 
system and Valmont plant uses them entirely. At 
Cahokia, one of the pulverizing mills is a 20-t. screen 
type mill and in connection with this mill a screw pump 
is used for transportation. For the rest of the Cahokia 
system, however, which includes 12 roller impact mills, 
the compressed air tank system is used. 

Feeders for pulverized coal are usually duplex or 
triplex for the larger stations and this arrangement has 
been carried further at Big Sioux by driving seven 
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PULVERIZED COAL FURNACES 


BURNERS 
TYPE 


4VERTICAL 
6 HORIZON. 


PERCENT 
BOILER 
RATING 


FURNACE 
VOLUME 
cu. FT. 


HEAT 
B1.U.PER 
CU.FT. 


PLANT 
SURF. 


COLUMBIA 15,110 FURN. sid 


CRAWFORD 


PHILO 


TRENTON VERTICAL 
FANTAIL 
RICHMOND 


KEARNY 


VERTICAL 
FANTAIL 


AVON 
SOMERSET 
NARRAGANSETT 

EDGAR 


LONG FUEL 


SEAL BEACH 


VERTICAL 
FANTAIL 


CAHOKIA VERTICAL 


RIVERSIDE 


WAUKEGAN 


vnc or 
HALES BAR 


20,700- 
9A00-AVE. 


VERTICAL 
FAN TAIL 


BiG SIOUX 
NEOSHO 
ORESSER 
EDGEWATER 
BARBADOES 


PINE GROVE 


IRON MT. 


FIN TUBE WATER COOLED 


FORDSON 


L.E.BLO0 


NDORF 


feeders from one motor and at Cahokia by driving ten 
feeders from one motor. At Narragansett one boiler is 
equipped with feeders of a recently developed type 
which meter the ‘coal. 

In the plants noted the standard 6-t. and 15-t. roller 
impact pulverizing mills have been installed in many 
eases. The screen type mill, however, has also been 
used, as in the installation at Columbia. At the Susque- 
hanna station two roller impact, two screen type and 
one ball mill are used. Power consumption for these 
mills ranges from 12 kw-hr. per ton to 21 kw-hr. per 
ton, although this is for the mill system only. At Tren- 
ton Channel the average cost of pulverizing is 25.35 
cents per ton, this cost including power, steam for dry- 
ing, operation and maintenance. 

As pointed out above, the figures for cubic feet of 
furnace volume for square feet of boiler heating surface 
vary between 0.35 and 1.0 with most of them about 0.7. 
Heating surfaces, as well as furnace volumes vary be- 
tween extremely wide limits. The largest furnace tabu- 
lated is that at Avon which has 30,600 cu. ft. for a 
boiler with 30,600 sq. ft. of heating surface. At the 
Fordson plant each boiler has a heating surface of 26,470 
sq. ft. The four newest boilers, recently rebuilt, have 
furnace volumes of 22,500 cu. ft., while the original 
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four had furnace volumes of 16,000 and 13,200 eu. ft. 
The four latest furnaces are so designed that the boilers 
can be operated continuously at a rating of about 500 
or 600 per cent, whereas with the old furnaces 200 or 
300 per cent was about the maximum rating. This in- 
crease, of course, is due, primarily, to improvement in 
furnace design and to the fin-tube water-cooled walls. 


Rates oF COMBUSTION 


Rates of combustion will vary, of course, with vary- 
ing conditions but Trenton Channel, Susquehanna, 
Cahokia and Big Sioux have rates of between 10,000 and 
12,000 B.t.u. per cubie foot at boiler ratings of approxi- 
mately 200 per cent. The figure for Narragansett is 
interesting as it shows a heat liberation of 23,500 B.t.u. 
at 200 per cent of rating. These figures, of course, are 
the averages and not the maximum figures. At Big 
Sioux, for example, the average heat liberation is 9800 
B.t.u. per cubic foot at 170 per cent of boiler rating, 
whereas the maximum heat liberation is 20,700 B.t.u. at 
360 per cent of boiler rating. As further progress is 
made in the development of water-cooled furnaces and 
in producing turbulent action of the coal and air jets 
in the furnace it may be expected that rates of heat 
liberation in excess of these will be attained. 
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In general, most of the boilers commented on here 
are set with the standard type of pulverized coal fur- 
nace in which vertical fan tail burners are set in an 
arch at the top of the furnace. At Columbia, nine ver- 
tical burners are used, with six horizontal burners low 
down on the side of the furnace. This arrangement 
was designed to produce turbulent action of the flame 
and, according to the latest reports from Columbia, has 
been successful in doing this. At Columbia, in addition 
to the furnaces and boilers commented on above a cylin- 
drical furnace is also being tried out. This furnace has 
a diameter of 18 ft. and a height of 28 ft., with contents 
of 7110 cu. ft., with 15,100-sq. ft. boiler. This gives 
0.47 cu. ft. of furnace volume per square foot of boiler 
heating surface. The burners in the cylindrical fur- 
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nace are set to produce flame tangent to an imaginary 
circle inside the furnace and further interesting data 
on the combustion results obtained with this arrange- 
ment may be expected in the near future. 

At Narragansett plant the original boilers are now 
equipped with turbulent burners while the new boilers 
have eight vertical fan tail burners each. At the Ford- 
son plant vertical fan tail burners are used for the 
pulverized coal on the large furnaces, while on the four 
smaller furnaces round nozzle special burners are em- 
ployed. Two burners are installed on each boiler to 
handle the blast furnace gas. 

In many of the larger central stations air cooled 
sectional furnace side walls are used. The arrange- 
ment at Columbia has already been shown in some de- 

















































































































































































































AIR SUPPLY FoR PULVERIZED COAL FURNACES 
PRIMARY AIR SECONDARY AIR AIR PREHEATERS [economizers 
PLANT [RPE] atthe, [eer | SOPASHY [emitlga] weere introouceo [4er, | tree | caraciry | 'NSTALED 
COLUMBIA 5 AT FEEDERS | 35 ° HOLLOW WALLS 65 || TuBuLaAR | 986659.F7.| YES 
CRAWFORD STOQKERS 
PHILO STOKERS 
pa oninond AT FEEDERS) 7.15 | HOLLOW WALL DAMPERS NONE INSTALLED YES 
RICHMOND STOKERS 
KEARNY STORERS 
AVON 20 AT FEEDERS B OOCRPLEAGH HOLLOW WALL DAMPERS NONE INSTALLED veES 
SOMERSET FUEL OTE 
@ REGENERATIVE] 40,000 5Q.FT 

NARRAGANSETT AT FEEDER THROUGH WALLS | TUBE TYPE | 15009 ~~ NO 

‘| EOGAR STOKERS 
LONG BEACH OIL AND GAS 
SEAL BEACH OIL AND GAS 
SUSQUEHANNA] 15 AT FEEDERS| 35 HOLLOW WALL DAMPERS | 65 | NONE INSTALLED ves 
CAHOKIA | 15 ATFEEDERS | 15 | 20,000C.F.M. HOLLOW WALLS 65 | PLATE pentntyantere 4] NO 
RIVERSIDE STOKERS 
VALMONT 15 AT FEEDER 6400 C.RM. HOLLOW WALLS NONE INSTALLED YES 
HALES BAR -STOKERS 
BIG Sioux f WALL DAMPERS To BE INSTALLED YES 
NEOSHO STOKERS 
DRESSER STOKERS 
EDGEWATER STOKERS 
BARBADOES STOKERS 
PINE GROVE STOKERS 
IRON MT. AT FEEDER HOLLOW WALL DAMPERS NONE INSTAULED NO 
FORDSON oe fo” 1 2.7 we cae 40 | pLate 37440 NO 
WAUKEGAN STOKERS 
OF L.E.BLOG. STOKERS 
BETTENDORF WASTE HEAT 
BAYONNE STOKERS 
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FUEL OIL AND GAS BURNING, WASTE HEAT 
scauv lnaee ee vOL.PeR | FUEL BURNERS AIR FURNACE. | AIR PREHEATER ECONOMIZER 
EACH. | VOLUME|So.FT. H.5. TYPE 9 4 SUPPLY WALLS TYPE-SURF | SURFACE 
DESIGNED FOR ULT.RC) INTRODUCED 
FUEL OIL 9O0LB.AN HR AIR COOLED TUBULAR 
SOMERSET | 14920 [oOo Tt 12e | 18,375 Bu. |mecn.aromz| '@ Ene ate | «= Rerractory 10,712 ones 
15000 oat. —" Timeuen 8 WITH naa sar WALLS NOT 1,045 
LONG BEACH |,/ 77 6,000 | 0.4 aa 15 es Set eee ae ———” 
“4416 , NAT. GAS AND COOLED REFRACT.SIDE£| JN 11, 44+ 
44-14; 1,191 PER CUFT. GAS WALLS FRONT € Alle COOLED FRONT INSTALLED ’ 8 
COMB. O1LEGAS| FROM PREHEATR TUBULAR 
SEAL BEACH | 24,450 | 10,375] 0.425 FUELOM || MECHANICAL THROUGH BOTTOM) REFRACTORY enese NONE 
ATOMIZING TO BURNER J 
AUXILIARY 
BETTENDORF] 3,005 ior FOR REFRACTORY NONE NONE 
EMERGENCY | 
tail. This arrangement included an air-cooled ash hop- ing feature in this furnace is that the side walls and 


per without a water screen. Primary air for the burners 
is brought through the hollow ash pit wall. Air-cooled 
walls are used in Trenton Channel and it is interesting 
to note that Avon, one of the largest recent central sta- 
tions, is equipped with them. At Narragansett, water- 
cooled refractory walls are used on the new boilers. 
The water tubes on these walls are connected into the 
boiler circulating system. Susquehanna, Valmont and 
Big Sioux also use the air-cooled sectional wall design 
and the original installation at Cahokia was entirely of 
this type. Recently, however, several furnaces at Ca- 
hokia have been changed to include fin-tube water 
walls and water-screened refractories. 

At the Fordson plant the four large furnaces are 
almost entirely water-cooled by fin-tubes, the side walls 
having a heating surface of 1800 sq. ft. The interest- 
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FIG, 0. 


the water screen at the bottom of the furnace are con- 
nected into a circulating system entirely separate from 
that of the boiler. This circulating system has its own 
super-heater and generates steam at boiler pressure and 
temperature, discharging it directly into the main steam 
header. Another interesting point is the water-cooled 
arch in these boilers in the Fordson plant. The water 
tubes of this arch have a heating surface of 750 sq. ft. 
per boiler and are connected with the main circulating 
system of the boiler. With this exception the general 
practice to prevent the ash from slagging in pulverized 
coal furnaces is to use a water screen at the bottom of 
the furnace through which the ash drops to an ash 
hopper below. As is shown, these water screens are 
usually connected directly with the main circulating 
system of the boiler. 


REMOVAL OF ASH FROM FLUE Gas AND AsH HoppPERS 

Removal of ash from the flue gas receives attention 
in most of the stations under discussion. At Trenton 
Channel electrostatic precipitators are installed and re- 
cently, by making some changes in the arrangement of 
the electrodes, some very good results have been ob- 
tained. At Narragansett, two cindervane fans are used 
and two wetted scroll surfaces. Cahokia also uses cin- 
dervane fans. At Valmont, ash from the last pass and 
the breeching is sluiced down to the main ash sluice at 
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the bottom of the furnace. The design of the chimneys 
at Iron Mountain originally included separators at the 
bottom of each chimney. 

Ash gates operated by air or water pressure are 
often used and, of the ten pulverized coal plants under 
discussion, seven employ a sluice-way for conveying this 
ash out of the plant. At Narragansett the hydraulic 
ash gates are provided with a water curtain through 
which the ash drops into trucks and is transported out 
of the plant. At the Fordson plant screw conveyors 
are installed directly in the bottom of the ash hoppers 
to remove the ash. 

Concerning the supply of primary air for combus- 
tion in pulverized coal furnaces, this is generally intro- 
duced in the feeders. In most cases, as at Avon, Sus- 
quehanna, Cahokia, Valmont and Fordson, this air will 
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ing, the air preheater takes the place of the economizers 
in the heat balance scheme since the temperature range 
through which the economizer would work would be 
much smaller. The argument has also been advanced 
that the air preheater in such a case adds the heat at 
the top of the temperature range, thus making the 
whole heat cycle more efficient. The fact remains, how- 
ever, that at Columbia, Philo, and Twin Branch, to 
name only three important plants, steam is bled from 
several stages of the turbines for feed water heating 
and both air preheaters and economizers are installed. 


OPERATING DIFFICULTIES ENCOUNTERED 
As noted above, some stations have had trouble with 


bridging of coal in bunkers and other parts of the coal 


preparation equipment. Frequently a simple change in 
the slope of the walls of the coal bunkers will prevent 











THE BIG SIOUX STATION AT SIOUX CITY, IOWA 


be at a static pressure of between 15 and 20 in. of water. 
The secondary air, under a much lower pressure, is 
usually introduced through the hollow wall dampers. 
There is, of course, considerable variation in the per- 
centages of primary and secondary air introduced at 
the respective points. Columbia and Susquehanna in- 
troduce about 35 per cent of the total air needed for 
combustion as primary air, while at Cahokia only 15 
per cent of the air is primary air and at Fordson only 
10 per cent. 

Of the plants noted here, four are now equipped 
either entirely or partially with air preheaters and it is 
expected that they will be installed also at the Big 
Sioux plant. These heaters are of various types, Colum- 
bia uses tubular type heaters of 9888 sq. ft. of heating 
surface each; Fordson plant uses plate type preheaters, 
each with a heating surface of 37,440 sq. ft. Columbia 
also uses economizers. At Narragansett plant two re- 
generative rotary type heaters are installed, together 
with one tube type and one of the plate type. 

At the present time the general opinion seems to be 
that, when turbines are to be bled for feed water heat- 


bridging but, at one station where this condition was 
found, these changes were not sufficient and agitators 
were installed just at the bottom of each pulverized 
coal bunker, the agitators being driven from the coal 
feeders. Several stations, such as Trenton Channel and 
Big Sioux, have made some experiments with the use of 
materials other than steel for the blades of mill ex- 
hausters and fans, owing to the trouble experienced 
from rapid wear of fan plates. Rubber, brass, micarta 
and various other materials have been used but in 
general it has been found that the steel fan plates are 
most economical. 

More attention than ever is being given to the ques- 
tion of cleanliness in pulverized coal plants, considering 
it both from the standpoint of safety to operators and 
equipment and also from the standpoint of waste of 
coal. At Trenton Channel, an ingenious arrangement 
of exhausters is installed on coal conveyors and the like, 
which picks up a great deal of material that would 
otherwise go to waste. At Big Sioux, Valmont and 
Narragansett, vacuum cleaning systems have been in- 
stalled throughout the plant. 
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FIG. 5. UNIT PULVERIZER INSTALLATION AT BRUNOT ISLAND 


Another interesting item at Big Sioux is the air 
conditioning system used to treat the air supplied for 
aerating the pulverized coal in the coal pump and 
transportation system. The function of this air condi- 
tioning system is to condense the water vapor from the 
compressed air supplied to the coal pump and then to 
reheat the air so as to prevent condensation of the 
moisture in the coal which occurred when chilled air 
was brought in contact with it. The purpose of this 
whole arrangement is, of course, to minimize trouble due 
to moisture in the transportation lines and bunkers. 





FIG. 6. WELL TYPE FURNACE AT BRUNOT ISLAND 


TEsts oF Various PIECES oF EQUIPMENT 


At Trenton Channel some interesting tests of vari- 
ous pieces of pulverized fuel equipment were made, as 
noted in the 1926 Prime Mover Committee report of 
the N. E. L. A. Experiments on grid steam dryers 


indicated that the performance of the dryer was affected 
by variations in the initial moisture of the coal, in the 
amount of air passed through the coal and in the char- 
acter of the air flow as influenced by three methods of 
baffling. Other tests on the pulverizing mills were made 
with various adjustments of the sleeve at the top of the 
mill used for adjusting fineness of coal and the curves 
in Fig. 3 show this effect. Several fan tail burners 
were modified as shown in Fig. 4 and it was found that 
of these arrangements, the fan tail burner, with de- 
flectors in the casing but without steam injection, 
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FIG. 7. ARRANGEMENT DEVELOPED AT ROCHESTER FOR 
SUPPLYING HEATED AIR TO MILL 


seemed to offer the best solution of the problem of flame 
travel. At the Brunot Island station, not tabulated 
above, interesting experiments have been carried on 
with various types of furnaces and pulverizer arrange- 
ments as shown in Figs. 5 and 6. Figure 7 shows the 
arrangement for using preheated air in the pulverizing 
mill designed by the Rochester Gas and Electric Corpo- 
ration. This arrangement has reduced the cleaning time 
for the mill to once a week, has eliminated the dripping 
of moisture from the bunker and the collection of mois- 
ture over the feeders and has greatly reduced feeding 
troubles. 


THE British CoLtuMBIA ELEctRIc Ratuway Co., Van- 
couver, B. C., has plans for the construction of a new- 
hydro-electric plant on the Bridge River, designed for 
an initial output of 50,000 hp., to be increased later. 
The output will be used largely by the Canadian Pacific 
Railroad Co. in connection with electrification of some 
of its lines in that section. 
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Stoker Improvements Meet High Ratings 


Furnace Desiens Limit SToKErR Capacity; WATER WALLS, RADIANT 


SUPERHEATERS AND PREHEATED AIR ARE REDUCING FURNACE SIZES 


N ANALYZING the information secured from the 
various plants which are listed in the accompanying 
table, it is quite apparent that only two types of stokers 
are considered, these being underfeed and forced draft 
chain grate. Other types of stokers are of course con- 
sidered for smaller boilers, such as those used in office 


hour for continuous operation, depending, of course, 
upon the character of the coal which is used. At times 
of peak load this rate may be increased to as high as 
75 or 80. lb. for a period of two or three hours. Due to 
the characteristics of underfeed stokers they can handle 
rapidly fluctuating loads without difficulty, bringing a 
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| 
~ STOKER PRACTICE 
! - 
PLANT eetiNs, | COAL | TYPE | FURNACE DIMENSIONS [runnactlgt4 Tet.| uw. |STOKER METHOD OF|TEMP OF | ASH AND METHOD OF 
[_ poerser’ YIED | stoOKER [HEIGHT [LENGTH WIDTH [vo cunfetsc™4 S244 Bw '3°| DRIVE | AIR SUPPLY [AIR SUPPLY |CLINKER REMOVAL _|COOLING WALLS 
r . 
| COLUMBIA Plu u vie Ru zielo c Ota & 
aged PA ip 1 | 17%" , [5410 | 423 | 32.2 [355 FORGED & [150° ABOVE| PIT, BUCKET 
CRAWFORD RET EO RENT ILLINOIS | CHAIN GRATE} 20 18)" 24 6200 | +44 | 13.6 | 1.03 MOTOR INDUCED |ATMOSPH. AND CARS NONE 
T J ‘ ‘ oe 100“ ABOVE 
| PHILO 114,086 |S'UMINOUS CHAIN GRATE! 21 22' | 22:4] 5430 | 356 | 34.6 | 386 |moror|rORceD & /100 Aneve| PIT, GRINDER NONE 
bP : = ; 
TRENTON 
uaa — p ju ud vile Ir i zl elo Cl GLA 1 
CLEARFIELD | UNDERFEED | >,-- “| 5. 9|ocuy” FORCED & 
jRicnmond | 15,698 | Sirumnous| isRETORT | 25-6"|!2-6" |26-h" | 7800 | 362 | 42.7 |.500 |MOTOR| oycen | NOTE 1 | GRINDERS TO PIT | WATER COOLED 
EAST. BITUM] UNDERFEED ; ~ 1 Ioan un [8965 | 480 |44.25|.380 FORCED & AIR COOLED 
| Kearny 23,600 |issoosty. /iscisrerort) *' {!8-! |28°4" Laure | ueo | 51.3 | 357 [MOTOR npucen | ATMOS. | GRINDERS CORBELING 
AVON P to. Vi Coe tl Ze creoTra -& 
SOMERSET FP -hgG 6& O i = 
NARRAGANSETT P jU U vj cE TR ifs Zi E|D Cc. - Ocb Ae 
350%14;,743|NEW RIVER | UNDERFEED 16 ‘ ; 4000 [423.5] 46.7 |.334 FORCED & 
EDGAR —_|izog’s,732| BITUMINOUS | 15 RETORT | 2! | -'S 7750 [424.7] 36.7 |.493 [MOTOR] inpucen | ATMOS. | GRINDERS, ASH CARS| VENTILATED WALLS 
LONG BEACH G JA § A IN D pu 
SEAL BEACH F IF eo Ob uy 
SUSQUEHANNA Pe fo iV Ee Ir |) Ze IB Cc. OJ; A L 
CAHOKIA Poly i Vic ir JZ) © 1B C OF Ast 
‘ ‘ FOR RINDERS, PIT RADIANT SUPERH'T 
riversioe | 10.438 | SENG Tito: | 16° [ete 5400| 270 | 38.7 |.518 |HYDRA|Inpuceo’| 250° | AND RR CARS yl 
HAINGRATE | 16-6" | _ $4350 30 FORCED & ASH Pit 
WAUKEGAN | 14,086 | iLLWoIs | © 20:0"| 18-3'| 21’ Jess | 363 1366 | Sgq |movR| inpuceo | ATMOS. | +0 eRe caRS NONE 
VALMONT ri tt] Vel E re 2} eT CGQOiA & 
3-10750 | TENN. UNDERFEEO |13- 3" | 20° 3- 3403) 3-223] 483 |.3!7 FORCED & e GRINDERS AND AIR COOLED CORBELING 
HALES BAR /2-16500 | BITUM. |6 RETORT "3128 2-357] 46 3 [Shin [MOTOR] innucen | '7° CONVEVORS oe Rete ie cReENS 
BIG StOUX PiU UV ial a ee C OLA tt 
NEOSHO 12,000 | KANSAS | UNDERFEED] 25° | 4% | 21° JOlSS | ETE | WZ | S18 motor! FoRceo | SO ABOVE | GrinneRs,asn cars | NR COED Tike. COR: 
ORESSER 17.260 INDIANA [CHAIN GRATE | 17-3" | 21-4" | 22° 4Ol4 | 404% (42.6 | 238 |MOTOR' FORCED | ATMOS TO BIN NONE 
EDGEWATER | 14,643 /EONO BTM) UNDEREEED Fai | Ish 4015 | 383 | 383] 605 |moTOR| FORCED | ATMOS | GRINDER TO PIT NONE 
’ 7 
BARBADOES | 16,800 [FAST OO error. | te ua7o0 [2873 | 584] 290 |movoR| FORCED | atmos | DUMP PLATE AIR COOLED 
NO 3 BUCK . Toe foe ASH PIT TO 
Pine GRove | 7469 | NOSBUCK  Icuamerare | 12° |18-4" |10-e% |ze4e |1a65 | 40.6 | 282 |moroR| FORCED | ATMOS. | RR Cars 
IRON MT. P jU U iV Ee oy 644 cep C OnAwk 
RIVER ROUGE Po oe Vv Se -iR 2 Ep C OIA L 
BROTHER HOOD BITUM. 7 
ae atae | X88 Tur. =v TyPE 1037 |60 |515 | 251 [ENG [NATURAL | ATMOS | STEAM JET NONE 
| BETTE NOORF W TR Si -T iE My bt ArT & 2 Aa 
ANTHRACITE y’ . , ° ASH. HOPPER 
BAYONNE | 10,200 | ANTNROCTE | CHAIN GRATE | 13% | 16 16’ }2z000 | 266 | 35.5 |.176 | ENG | FORCED | \00 ASH. HOF NONE 



























































NOTE i— AIR HEATERS OF 22,072 SO.FT. INSTALLED 


buildings and industrial service, but where high rates 
of combustion are required the two types mentioned 
above are invariably chosen. In the plants where east- 
ern bituminous coal is used we find in most cases that 
the underfeed stoker is installed. Where, however, an- 
thracite or middle west bituminous coals which have a 
tendency to clinker are used, the forced draft chain 
grate has decided advantages. 

Due to improvements in stokers and furnaces in 
which they are placed, somewhat higher rates of combus- 
tion are now obtainable than was the case a few years 
ago. With underfeed stokers for example, the rate of 
combustion varies from 45 to 60 lb. per square foot per 


boiler from no load up to several hundred per cent of its 
rating in a very few minutes. 

With forced draft chain grate the rate of combus- 
tion varies from 39 to 60 lb. per square foot of grate 
surface per hour with probably 45 lb. as the average 
throughout the country. With the highest rates of com- 
bustion the efficiency naturally falls off but a chain 
grate stoker can be operated at its highest rate of com- 
bustion continuously without necessitating a shut-down. 

Stoker manufacturers state that their limiting factor 
is the failure of the refractory used in the furnace 
lining before the highest rate of. combustion of which 
the stokers are capable is reached. It can readily be 
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appreciated that: with. western lignite higher rates of 
combustion may be secured than with the bituminous 
coals of the east which have higher heat values. It can 
therefore generally be assumed that the lower the heat 
value of the coal, provided it has the same general char- 
acteristics as other coals with which it is compared, 
the higher the possible rate of combustion with a given 
furnace and stoker installation. 


Air SUPPLY AND PREHEATING 


In practically all cases, the entire amount of air re- 
quired for combustion in underfeed stokers is supplied 


ter of the stoker running parallel to the retort. This 
virtually divides the installation into two separate stok- 
ers as far as the air supply is concerned. The three 
dampers in the main wind box and the secondary wind 
box damper, which supply air to the lower overfeed 
tuyere section, are all intersected by the vertical front 
to back partition. Thus eight separate zones are pro- 
vided below the tuyere section of the stoker. Air from 
the main ducts under separate damper control is also 
admitted to the agitator grates and front of the ash 
pit. An auxiliary air duct is provided for admitting 
air to the rear of the ash pit. 
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‘ CROSS SECTIONS OF FURNACES SHOW SIMILARITY FOR STOKERS OF SAME TYPE 


through the tuyeres along the side of the retort and 
through the perforated side plates along the sides of the 
furnace. This air is, of course, supplied under a pres- 
sure varying from 2 to 5 or 6 in. of water depending 
upon the load carried on the boiler. 

While in most eases the air pressure at the various 
tuyeres is the same throughout the entire stoker, the 
Brooklyn Edison Co. reports to the N. E. L. A. that at 
its Hudson Avenue Station plans are made to admit air 
to ten separate parts of the stoker each individually 
controlled. A vertical partition is provided at the cen- 


With foreed draft chain grates from five to seven 
zones for the introduction of air are provided from 
front to rear, each zone is provided with a damper so 
that the proportionate amount of air can be definitely 
controlled by the operator. In addition to the air which 
enters the furnace through the grate it is customary at 
the present time to provide tuyeres for the introduction 
of air just under the front or at the rear of the ignition 
arch which break up the stratification of the combustible 
gases driving them against the incandescent fuel bed 
and causing a turbulence which is beneficial to com- 
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bustion. Where chain grate stokers are used for burn- 
ing highly volatile coals such as those found in Iowa 
and Illinois, the provision of these mixing tuyeres is 
absolutely essential according to manufacturers of this 
type of stoker. 

Within the last few years the use of preheated air 
has become quite generally recognized as a decided aid 
to combustion as it saves the necessity of heating the 
air from the temperature of the atmosphere up to 
that of the furnace. Experience has shown that 
an efficiency gain of 1 per cent can be secured by 
furnishing the stoker with air heated 30 to 40 deg. F. 
Both underfeed and chain grate stokers are now being 
designed for preheated air at temperatures as high as 
400 deg. For this service, however, it is essential that 
the stoker be specially designed as the expansion due 
to such high temperatures is likely to give trouble unless 
provision is made in the design. 


Furnace SIzE 

Fifteen or twenty years ago the prevailing volume 
of furnace was four or five times the area of the grate 
surface. Today, however, the volume has increased to 
25 and even 30 times the active surface of the grate. 
The result is, of course, that higher rates of combustion 
and higher efficiencies are obtained than was previously 
possible. 

Stoker manufacturers, however, are not so much in- 
terested in the volume of the furnace as they are in the 
height, that is, the distance from the active grate sur- 
face to the heating surface of the boiler. This dimen- 
sion has gradually increased from 4 or 5 ft. of 20 yr. 
ago until we find in the plants listed in the table the 
height of furnace varies from 16 to 25 ft. This dis- 
tance, it is considered, is essential to give time for thor- 
ough mixing of the gases and complete combustion be- 
fore the gases reach the heating surfaces and are chilled 
below the ignition point. 

For chain grate stokers, baffles are considered more 
important than volume and in many instances volume 
is sacrificed in order to provide baffling to reflect the 
heat and mix gases so as to secure proper ignition and 
gas mixture in the furnace proper. 

Inspection of the accompanying table will show that 
the volumes vary widely. Considering for example, 


those plants where underfeed stokers are installed, that " 


having the Jargest furnace per square foot of heating 
surface is the Edgewater plant with a figure of 0.605. 
Next to this is the Neosho plant with a figure of 0.530. 
The smallest furnace compared to the boiler is found 
at the Barbadoes Island plant with a figure of 0.290, 
and next to this is the Hales Bar plant with a figure of 
0.311. These last two plants are supplied with bitumi- 
nous coal, the volatile constituents of which are prob- 
ably not as high as the middle western fuels. The av- 
erage size of furnace for underfeed stokers has a value 
of 0.415 cu. ft. of furnace volume per sq. ft. of boiler 
surface. 

Turning to the plants which are equipped with chain 
grate stokers, we find the highest and the lowest ratios 
in plants that cannot well be compared with the others. 
The highest ratio is found with the furnace that serves 
the reheat boiler at Crawford, the ratio being taken 
between the furnace volume and the water heating sur- 

face, whereas there is nearly twice as much reheat sur- 
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face in the boiler as there is water surface. In the 
other extreme is the Bayonne plant with a ratio of 0.196. 
The special feature here is the fact that in this furnace 
anthracite buckwheat is burned whereas in the other 
plants bituminous coals are used. Taking out these 
two plants we find a more uniform ratio of furnace vol- 
ume to heating surface than we have in the underfeed 
installations. The greatest volume is that employed at 
Philo with a ratio of 0.386 and the lowest is at Dresser 
with a ratio of 0.238. The average for all plants is 
close to 0.3 cu. ft. per sq. ft. of heating surface. It 
would appear, however, that furnace volumes have prob- 
ably reached their maximum and within the next few 
years considerable reduction in volume will be noticed. 
This is due to the increasing use of water cooled side 
walls, bridge walls and radiant type superheaters, all 
of which have a tendency to reduce furnace tempera- 
tures which have been the limiting factors in combus- 
tion rate due to the destruction of furnace linings. 











LONG BEACH STATION 


Although we note in the column headed ‘‘ Method of 
Cooling Walls’’ that many of the stoker fired plants are 
employing artificial methods such as water cooling, air 
cooled corbeling, ventilated walls, radiant type super- 
heaters and water back, these methods are not universal 
but do show a trend in this direction which is being 
more fully carried out in plants now being constructed 
and designed. 


ASH AND CLINKER DISPOSAL 
One of the principal problems which has been en- 
countered particularly with underfeed stokers is the 
removal of the ash and clinker from the furnace. This 
difficulty has within recent years been quite definitely 
solved by the use of clinker grinders which operate con- 
tinuously at a speed suited to the rate of combustion on 
the stoker, so that the clinker hopper is never empty, 
but the unburned fuel is given sufficient time to com- 
plete its combustion before it is discharged into the 
ash pit. It has been found in some plants that best 
service with single roll clinker grinders is secured when 
the roll turns against the bridge wall, thus preventing 
the entrance of air between the bridge wall and the fuel 
bed. Where double roll clinker grinders are used, how- 
ever, the rolls turn away from each other and in. this 
way keep a permanent seal against air entering the 
furnace. 
With chain grate stokers the removal of ash and 
clinker is merely a matter of allowing the refuse to 
fall off at the end of the stoker into the ash pit from 
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which it may be removed by a clinker grinder thus 
preventing entrance of air around the back of the stoker 
or a seal may be formed across the end of the stoker by 
means of a water back set sufficiently close to the end 
of the stoker to form a seal through which air passes 
with difficulty. 


COMBUSTION ARCHES 

Just what present practice is in regard to combus- 
tion arches in the furnace can best be shown by means 
of the cross section illustrations of the furnaces in the 
plants tabulated. There are, however, a few principles 
which govern the location of arches which it would be 
well to consider here. So far as the underfeed stoker 
is concerned there is little or no use for arches of any 
description. The unburned fuel coming up from be- 
neath the fuel bed virtually passes through a retort in 
which its volatile constituents are driven off passing up 
through the incandescent bed of burning fixed carbon 
and ascending from the fuel bed a mixture of volatile 
gases and hot air, complete combustion will take place 
without further agitation if sufficient time is allowed 
for this combustion before the gases -strike the cold 
heating surface. 

With the chain grate type of stoker, however, an 
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entirely different process of combustion takes place 
and arches are essential to complete combustion. As 
the green fuel enters the front of the furnace it must 
first be coked, then ignited and finally the fixed carbon 
burned before the rear of the stoker is reached. To 
accomplish this the usual method is to provide an igni- 
tion arch which will reflect the heat from the incandes- 
cent fuel bed near the center of the grate surface down 
upon the green fuel just inside the gate. This heat 
quickly drives off the hydro-carbon gases which, when 
properly mixed with the burning gases ascending from 
the center of the fuel bed, burn rapidly in the combus- 
tion space. Whereas in former practice it was cus- 
tomary to construct the ignition arch parallel with the 
grate there is a tendency at the present time to modify 
this construction somewhat by placing the arch at an 
angle as great as 45 deg. from the grate surface in 
some cases. In some plants a rear or bridge wall arch 
is constructed to reflect the heat from the hottest part 
of the fuel bed to the front of the grate. This arch at 
the same time has a tendency to mix the thin gases from 
the end of the grate with the richer gases at the center 
of the furnace. With properly designed arches fuels 
of practically every description can be burned without 
difficulty on chain grate stokers. 


Forced, Induced and Natural Draft Practice 


DEVELOPMENTS IN Drarr EquipMENT Have BEEN IN THE DIRECTION OF MORE 


EFFECTIVE APPLICATION RATHER THAN 


TEAM BOILERS and furnaces have grown to such 

large proportions during the last few years and 
are required to operate at such high ratings that the 
use of either forced or induced: draft or both has be- 
come an absolute necessity in most power plants. In 
fact, there are few plants in which the draft fans can 
be shut down for even a few minutes without seriously 
affecting operation. Studies of existing plants show 
that, on the average, forced draft fans can be inter- 
rupted for 144 min. and induced draft fans one min- 
ute without causing trouble. 

While no startlingly new developments in the de- 
sign of draft equipment have been made recently, there 
has been considerable improvement in the existing types 
resulting not only in equipment having higher efficiency 
but also greater reliability. In view of the importance 
which the draft fans bear in relation to the entire plant 
operation, the factor of reliability is perhaps of even 
greater importance than efficiency. There has been a 
tendency on the part of manufacturers to build more 
rugged equipment; ‘fans with heavier. shafts and bet- 
ter bearings, more rugged motors and more reliable 
control equipment. 


Moror-DrivEN Fans ARE BECOMING POPULAR 


Fer driving purposes, motors are becoming more 
popular, as is indicated by the accompanying tabula- 
tion of draft data. Among the central stations listed, 
it will be seen that all of them use motors for driving 
both the forced and induced draft fans. In some eases, 
-as for instance at Riverside and at Neosho, turbines 
are also installed, but motors are used for normal oper- 
ation. In industrial plants, where forced draft is used, 
the tendency to use motors for driving the fans is not 


IMPROVEMENT IN DESIGN OF EQUIPMENT 


so pronounced and, while no definite conclusions can 
be drawn from the small number of plants on which 
data are available, because of the more prevalent use 
of steam-driven auxiliaries, the use of steam-driven 
forced draft apparatus is no doubt quite general. 


Duat Motor Drive Has HieH EFFIciIeENcy 


In large plants, central stations and industrial power 
plants, there is a growing tendency towards the use of 
the dual motor arrangement. This permits the use of 
simple alternating current motors and gives the large 
range of speed and capacity demanded. With this ar- 
rangement two motors, a small one and a large one, 
are mounted on one fan shaft. The larger motor is 
energized only for the higher speeds and peak load 
conditions, while the smaller one operates at the normal 
load with resulting improvement in efficiency. Where 
the dual motor drive has not been adapted for this 
service, the brush-shifting type of alternating current 
motor has been installed in a number of plants and 
seems to be giving good satisfaction. This type of 
motor has excellent speed variation characteristics and 
is well adapted for remote control. Another type of 
motor for fan drive installed in some of the more recent 
plants is the two or three-speed induction motor, in 
which a limited number of definite speeds are obtained 
by changing the number of poles on the motor. This 
type of motor, which has long been in use on electrically- 
driven ships for driving propellers, has the advantage 
of being simple and reliable. They are easily controlled 
from remote points by pole-changing switches. 

In line with the common tendency toward central- 
izing the control of all equipment in the boiler room 
at comparatively few points, the control of draft equip- 
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ment, regardless of its location, is from the operating 
floor in nearly all plants from which information was 
obtained. 

The capacities of forced draft fans used, it will be 
noted, vary widely from 6400 cu. ft. per min. for a 
comparatively small plant to 225,000 cu. ft. per min. 
The latter figure is excessively large, however, and, 
as will be noted from the table, is not representative 
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It will be noted that there are a number of stations 
listed in the table as not having forced draft equip- 
ment. These plants are mostly pulverized coal installa- 
tions where the fans cannot be classed strictly as forced 
draft fans. In most cases, however, where pulverized 
coal is used, the primary air fans, which force the fuel 
into the furnace, may be considered, to a certain extent, 
as acting as forced draft fans but, for the purpose of 














































































































DATA ON DRAFT EQUIPMENT IN MODERN POWER PLANTS 
FORCED DRAFT INDUCED DRAFT NATURAL DRAFT 
PLANT NO. OF FANS FAN DATA METHOD NO. OF| FAN DATA METHOD [BOILERS| ype [HEIGHT 
rom eet lcar cem.[encs. [seco | YE | contnon feoun |carcem.[orceo | |controL stack [STACK | stack 
COLUMBIA | 8 | 1 600-750] DUAL MOTOR | R.F.B.P. | 1 600-750] DUAL MOTOR | R.FB.P [488/S.B.L. | 175 
CRAWFORD | 40 | 2 | 40,000 V.S. IND.MOT.|R.B.R | 1 | 115,000 VAR. S.IND.MOT) R.B.P | 8 |S.B.L. | 150 
PHILO a | 1 | 70,600 | 5” DUAL MOTOR | R.F.B.R |} 1 | 130,000 DUAL MOTOR | R.B.R |4a8 |S. 155 
hn NO FORCED |DRAFT 1 | 193,000 |120-460| D.c. MOTOR a [oS%. 1 me 
RICHMOND | 12| 1 | 60,000 | 9.8" | 165 |¥v.S.IND. MoT. | R.F.6.R | 2 | 45,000 | 690 |IND.MoTOR | ROR | 3 | 5.8.2. | BI 
KEARNY 12] 8 | 134,000 | 7” 2-5. 1ND.MOT.|R.F.B.P | 1 | 225,000 2-S.IND.MOT.|RBP | 6 |5.B.L. | 258 
AVON NO FORCED |DRAFT 1 | 195,000 B.S. MOT. 2 |rvc. | 175 
SOMERSET | © | 2 | 30,000 | 5” i B.s. mor. |ree.e | 1 | 110,000 |252-84]/8.5 MoT |REBR | 5 | CONCRETE] 250 
NARRAGANSET 1 | 50,000 V.S. A.C. MOT. 1 | 110,000 |300-400} DUAL MoTOR| | $ 262 
EDGAR 1 | 80,000 | 6” | 1170 | a.c, MOTOR 1 |150,000 | 870 | a.c. MOTOR 4 |r.e. | 128 
LONG BEACH | 15 | 1 | 60,000 | 2” |285-475] v.S.IND. MOT. 1 | 10,000 |326-540] B.S. MOT 2 | concnere| 126 
SEAL BEACH ' 8.5 MOT 1 | 100,000 B.S MOT. 6 | concrete] s75 
SUSQUEHANNA NO FORCED |DRAFT 1 3-S.IND.MOT|] R.M.c || 3 | CONCRETE] 200 
CAHOKIA 8 | /e | 20,000 | 15" A.C. MOTOR R.M.C. ! 1.0. FAN |USED OM | BOILER ONLY 4 R.7.C | 525 
riversive | 4 | 1 | 61,000 | 6” | vanics | DUCt NOME | ae.e | 1 | 93,000 | vanes |ouAL MoTOR |Are.r | 1 | 5.6.U. | 50 
WAUKEGAN | 6 | 1 | 70,000 | 3.5" VARIES | V.S.A.C.MOT. | R-EB.R |} 1 | 120,000 | VARIES | v.5, A.C MOT. 3 |s.0L | 150 
VALMONT 4 | 1 | 6400 | 15” | 1800 | A.c MoTOR NO INDUCED DRAFT USED 4 |R.B. | 33) 
HALES BAR | > Peg BS AC. MOTOR pepe v.9. MOTOR CONCRETE] 171 
BIG SIOUX 1 | 110,000 DUAL MOTOR 2 |s6u | 69 
NEOSHO 2 85,000 =, nor. Tereee| RLEOP. NO INDUCED DRAFT 3 | concrete | 355 
DRESSER 2 225,000 |2-5" 1305-514] A.c MOTOR NO INDUCED DRAFT 2 {ser | ars 
EDGEWATER | 3 | 1 | 85,000 | 6.5” A.C.MOTOR | R.M.C NO INDUCED DRAFT 3 |e. | 275 
BARBADOES 1] 3 | 1 | 65,000 | 7” | 1280 | IND. MOT R.M.C. NO INDUCED DRAFT 3 |SB.L. | 300 
PINE GROVE | 6 | 1 37,500 C.S. AC. MOT. R.B. 350 
IRON MT. NO. FORCED |DRAFT ' 2 |R.B. | 190 
RIVER ROUGE 2 {110,000 | 85" M £ 215,000 5.8.1. | 327 
oe ae NO. FORCED. [DRAFT NO INDJCED DRAFT 4 |s. 325 
BETTENDORF 1 | 12,500 V.S. AC MOT. 
BAYONNE | 8 | 2 TURBINE 4 NO INDPCED DRAFT 4 |R.B. | ess 



























































V.S.= VARIABLE SPEED. 2-S. + 2-SPEED. 
R.F.8.P. = REMOTE CONTROLLED FROM BOILER PANEL. 
R.T.C. REINFORCED TILE, CONCRETE. 


for even the larger plants. The average size in use is 
about 60,000 c.f.m: .This figure, however, does not sig- 
nify anything definite, since the size of the fans is de- 
pendent upon the sizes of the boilers and furnaces used. 
There is, however, a decided tendency towards the use 
of one foreed draft fan per boiler, as is also the case 
with induced draft fans. This is the result, no doubt, 
of the practice to make each boiler with its associated 
auxiliary equipment a unit complete in itself.:: 


B.S. = BRUSH SHIFTING. 
M. + MANUALLY. 
5$.G6.U. » STEEL, GUYED, UNLINED. 


. plant. 


R.M.C.+* REMOTE CONTROLLED. 
S.= STEEL. 


C.S. = CONSTANT SPEED. 
S.B.L. + STEEL, BRICK LINED. 
R.B. + RADIAL BRICK. 


clearness in presenting the data, it was not thought ad- 
visable to include such fans in the table. A 

Practice in regard to the relative location of the 
forced and induced draft fans in the power plant is not 
indicated in the table, since this varies widely, depend- 
ing upon the particular conditions existing at each 
In plants not having air preheaters installed, 
in most cases, the forced draft fans are installed in the 


. basement, so as to simplify the duct arrangement. 
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Where economizers or air preheaters are installed it is 
more usual to install the fans above the operating floor 
or even above the boilers, depending upon the flue ar- 
rangement and the physical dimensions of the boiler 
house. 

A development with which most manufacturers of 
induced draft equipment are concerning themselves is 
that of providing means for the remaval of dust and 
cinders. In some eases, the fans themselves are con- 
structed with means for such cinder removal, while in 
others separate centrifugal dust collectors are installed, 
either ahead or after the induced draft fans. While 
there have been some applications of the latter ar- 
rangement, that is, placing the dust collector ahead of 
the fan, in most cases the former arrangement is pre- 
ferred, since the dust collector is installed at the base of 
the stack; in fact, it then becomes an integral part of 
the stack itself. 


NATURAL DRAFT 

Natural draft, that is, the production of draft for 
combustion by means of a chimney is not relied upon 
to any considerable extent in central station power 
plants. Many industrial plants still depend upon the 
chimney for the draft but even in this class, particularly 
among the larger ones, where-boilers and furnaces are 
required to operate at high ratings, foreed and induced 
draft is being used to satisfy combustion air require- 
ments. In such plants the chimney is provided merely 
to discharge the gases of combustion at a height suffi- 
ciently above the ground so that they will not cause 
annoyance to those living nearby. 

Some of the modern central station plants have very 
short stacks in relation to the size of the plant, Craw- 
ford Ave. station in Chicago being a typical example. 
Both forced and induced draft are used at this station 
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and, since there is no need for a tall chimney for the 
production of high natural draft, the chimneys have 
been made just high enough so as to discharge the gases 
above the roof. In another boiler house, that at Prince- 
ton University, the stack has been omitted entirely. 


In many instances, however, the question of chimney 
height cannot be determined solely by the draft re- 
quirements or the engineering aspects of the case, for 
municipal ordinances are often the ruling factors. These 
ordinances, having been formulated in the early days 
before scientific combustion methods had been evolved 
and when smoking chimneys were more prevalent than 
they are now, usually specify that chimneys shall not be 
lower than a certain specified height above the ground. 
It is to meet the requirements of such ordinances that 
high chimneys are often provided today, where, if com- 
bustion and draft considerations were taken into ac- 
count, no stack or at least only a very low one would 
be needed. 


Chimney design for power plants varies considerably 
and, as may be noted from the tabulation, does not. fol- 
low any definite order for a particular size or type of 
station. As a rule, stacks are of one of three kinds, 
steel, concrete or brick or tile. The problem of which © 
kind of stack to provide is largely one of cost, archi- 
tectural design and location. Where a stack is to be 
set on the building steel, the most usual practice is the 
provision of a steel stack. Where the stack is set on its 
own foundation, one of brick or concrete is more often 
provided. 

The stack heights given in the table must not be 
taken too seriously, since it was not always possible to 
obtain accurate information as to what was meant by 
stack height, whether the height given was that above 
the operating floor, above the roof or above the ground. 
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PRACTICE IN CHEMICAL METHODS OF TREATMENT, EVAPORATION, DE- 


AERATION, AND STAGE FEED WATER HEATING. 


LONG WITH THE recent evolution toward higher 

steam pressures and boiler ratings it has become 
necessary to perfect the methods of feed-water treatment 
in order to meet the more severe conditions of boiler and 
general plant operation. At the same time the advan- 
tages of bleeder heating have become more apparent and 
elaborate station heat balance systems have resulted. 
The two developments have been co-related to the extent 
that certain steps in feed water treating, such as dis- 
tilling and deaerating water for boiler use, have been 
combined with steps of feed water heating, in evap- 
orators, deaerators and other units. The developments 
of the past few years as well as the possible trend of 
future changes may be judged by the design in recent 
plants. Some of the outstanding advancés can be sum- 
marized briefly as follows: 


Water SorreNnING 

The necessity for feed-water treatment in order to 
prevent the formation of scale as well as foaming and 
priming, has, of course, been long appreciated. The 
more usual systems include: 

(1) A raw water chemical treatment, such as lime 
and soda ash, depending upon the nature of the water 
supply. 

(2) Zeolite systems. 

(3) Hot process continuous softeners, and 

(4) Boiler compounds. 


The purpose of all such systems is to precipitate or 


break down the scale forming salts so that they may be 
drawn off through the boiler blow down. Systems and 
qualities of water, however, that proved satisfactory 
for former low steam pressures and boiler ratings when 
adapted to the higher pressure practice have not func- 
tioned properly. At 350 lb. to the square inch, waters 
which formerly were considered as excellent, may per- 
mit the formation of thin scale, which at high ratings 
cause burnt tubes and blowouts. In some high pres- 


*Chief Engineer of Power Plants, Union Electric Light and Power 
Co., St. Louis, Mo. 


By E, H. Tenney* 


sure plants, where a greater part of the make-up water 
is distilled from evaporators and soda ash has been 
used as a treatment for condenser leakage, scale has 
been encountered. This condition has been studied in 
the investigation of Dr. R. E. Hall of the Bureau of 
Mines on the mechanism of scale formation. The results 
of this investigation, initiated in 1922 and still con- 
tinuing, have constituted a very valuable contribution 
to the practice of boiler water conditioning. An im- 
portant result has been to substitute (or at least to 
supplement) the use of sodium phosphate .for sodium 
carbonate (soda ash) in some high pressure plants. 


’ This is based on the fact that the rate of decomposition 


of sodium carbonate is increased at high pressures and 
is very marked at pressures over 350 Ib. It is conse- 
quently impossible to maintain the carbonate concentra- 
tion in proper relation to the sulphate concentration, 
with the result that a sulphate salt may precipitate to 
scale. The question of the proposed sulphate-carbonate 
ratio is coming in for much consideration at the present 
time. 

The subject of caustic embrittlement has also caused 
considerable discussion and some controversy during the 
past few years. Although some phases of the embrittle- 
ment of metal are still unsettled, sufficient information 
has been obtained to indicate that the action may be 
prevented by the proper treatment of feed water. Where 
embrittlement is indicated it is now the practice in high 
pressure plants to maintain a sulphate—causticity ratio 
of three; this has been accomplished by the use of dilute 
sulphuric acid with success. These developments have 
naturally been reflected in the water treatment systems 
and equipment of the latest plants. 

The necessity for a very high grade of boiler feed 
water has led to the adoption of distilled make-up 
plants, or evaporators, in a great many of the larger 
central stations. The evaporator may be used alone or, 
as is more usual, it may be used in conjunction with 
feed water treatment, chemical or otherwise. As an 
evaporator is' in effect a small boiler it is subject to 
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the same water troubles as a boiler, namely, scale, foam- 
ing, and priming, and the present trend is to give the 
evaporator water conditions somewhat the same atten- 
tion as is given to boiler water. As scale on the evap- 
orating tubes is most likely to be the cause of greatest 
difficulty, the importance of maintaining low concentra- 
tions and supplying an unscaling feed water is evident. 
As all the solid matter that is removed must pass out in 
the blow down, the regulation of blow downs is being 
given much attention and one manufacturer has de- 
veloped a system for continuous blow down. Both high 
and low pressure units have been developed, the former 
being preferred for its higher capacity for a given size, 
while the low pressure unit with a lower exit tempera- 
ture of the condensing medium is better suited to cer- 
tain heat balance systems especially those with econo- 
mizers. With its flexibility of possible temperature 
range, however, the evaporator is being placed any- 
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where from immediately after the condenser to after the 
third level heater, although the more customary posi- 
tion appears to be between the second and third levels. 
Steam for the evaporator may be from an auxiliary ex- 
haust, high pressure steam (full boiler pressure is rarely 
used, however) or turbine bled steam. Due to the econ- 
omy of bled steam there appears to be a growing ten- 
dency to use this source. 


DEAERATORS 


The importance of oxygen free feed water for the 
purpose of restricting boiler corrosion has long been 
realized but the advent of high pressures requiring steel 
economizer tubes, and high boiler ratings have stressed 

‘this importance. Consequently closed feed water sys- 
tems and deaerators utilizing the boiling principle to 
remove entrained gases, have come into very wide use. 
The improvement in hot well design and the closing 
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of the feed water system have aided materially in re- 
ducing the quantity of air in the feed water but deaera- 
tors have proven so efficient that further improvement 
in hot well design appears to be not imperative. Prac- 
tically complete elimination of oxygen is usually ob- 
tained in the deaerators, and little serious mechanical 
trouble has developed. _ 

As the deaerator is a feed water heater also, it may 
be regarded as a step in the heat balance system. Ex-~ 
haust steam from either the main unit or auxiliaries is 
the general rule. The open types in which the steam 
comes into direct contact with the water are the most 
efficient heaters to the extent that the terminal tem- 
perature differenc is close to zero. 


Stace Freep Water HEATING 


The heating of feed water in successive stages in 
closed heaters was developed with the advent of stage 
bleeding of steam from the main units. The economic 
advantage in saving the latent heat of the turbine ex- 
haust steam, otherwise lost in the cooling water, is well 
known. At the present time all large turbines are 
equipped for two to four-stage bleeding and the newer 
plant heat balances usually include two or three-stage 
heating of the feed water when economizers are used 
and three or four-stage heating when without econo- 
mizers. As the temperature of the bled steam depends 
to some extent on the condenser vacuum the various 
steps in feed water temperature vary with the season. 
This variation must be allowed for when exhaust steam 
from auxiliaries is used in a heater at an intermediate 
temperature level; to this extent the use of auxiliary 
exhaust steam is today somewhat at a disadvantage. 


The heaters are of the closed type in the latest plant 
designs and have not required much development work. 
Earlier practice allowed for a 5 degree terminal tem- 
perature difference but actual results have been much 
lower, many reports of 2 deg. and less having been 
made. Jet condenser heaters have been coming into use 
to quite an extent. They operate on the principle of 
jet condensers in which the condensate is sprayed into 
a chamber coming in direct contact with the steam. 
Such heaters may also be used to advantage in remov- 
ing entrained gases in the feed water. 

Other sources of heat for feed water include gen- 
erator air coolers, turbine oil coolers, and transformer 
oil coolers. It is now being generally recognized that 
the generator air cooler is a more efficient method for 
cooling the generator than for heating the condensate, 
and the present tendency appears to be toward the use 
of raw water for this purpose. As transformer oil 
coolers utilizing condensate frequently require great 
quantities of piping this method also is somewhat eut of 
use in the latest designs. 


ECONOMIZERS 


/ Flue gas economizers for heating the boiler feed con- 
tinue to be used extensively. Two factors, however, 
_ have tended to reduce the use of economizers somewhat. 
They are (1) the economy and effectiveness of stage 
feed water heating, and (2) the improvements made in 
the design of air preheaters utilizing flue gases. There 
have been no radical changes in economizer design dur- 
ing the past few years. 
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Feed Water Treatment in Power Plants 


- Higher STEAM PRESSURES AND DEMAND FOR HIGHER RaTINGS HAVE 
MavE THE FEED WATER TREATMENT PROBLEM OF VITAL IMPORTANCE 


XPERIENCE has shown that with few exceptions 
most waters used for steam generating purposes 
in modern plants require treatment of some kind in 
order to maintain the operation of the boilers at the 
best point of efficiency and to preserve the materials 


of scale was slow and the little that did accumulate was 
easily removed by periodic cleaning. With the high 
capacities and high ratings in use today, however, even a 
moderate amount of scale-forming impurities in the 
water will cause a rapid accumulation of scale, making 













































































































































































H.S.F. = SED.= HARD SCALE FORMING - SEDIMENT. 
H.H.L. = HIGH HEAT LEVEL LW.L + LOW HEAT LEVEL 
0.- OPEN. C*CLOSED, fl.-H, * FLOATING HEAD 


HP + HIGH PRESSURE. 


of which they are made against deterioration. Pure 
water, assuming that it contains no oxygen or other 
dissolved gases, makes good boiler water; that is, it will 
have no detrimental effect upon the boiler material and 
when evaporated will leave no scale deposits. Pure 
water, however, is one of the rarest things in nature 
and most waters contain impurities in the form of dis- 
solved solids or gases in varying degrees. Even rain 
waters, when they are caught in containers and are not 
permitted to come in contact with the earth, contain 
carbon dioxide and other gases taken up in their down- 
ward passage from the clouds. 

When power plants were small and when boilers 
were not operated at from 150 to 500 per cent rating 
a moderate amount of scale-forming material in the 
boiler water did not matter greatly. The accumulation 


LP LOW PRESSURE, 


FEED WATER HEATING AND TREATING 
METHOD OF PURIFICATION FEED WATER. HEATING 
STAGE HEATING 
PLANT | RAW WATER| SYSTEM OF PURIFICATION [oCAte — souks | MEATER — | raettup| IST STAGE | 2ND. STAGE SRD, STAGE [4TH STAGE tae 
TEMP. | PRES. | TEMP. | PRES. | TEMP |PRES. | TEMP. | PRES. 

COLUMBIA | RIVER LIME-SODA - FERROUS SULPHATE] YES | NO E.S. oac ais® 2.9 9.1 ALSO AN OPEN HEATER USING 18 ST. STEAM 
CRAWFORD | H.S.F-SED | 2:-ACID N.- D.-E ‘ves | ves 4-er. E.S. & AUX.| © VARIES N DIFFEREAT UNITS Ses ote ae 
PHILO RIVER WATER} L-S. OD. E. YES |YES| 4-EF rum] E. 3. OC VARIES srOpen McATER? en 

Chitone EVAPORATORS no ves] rer. suB.| £.s C. COND. TYPE me 130 [ize fo7 | 88 | 32 

RICHMOND | S.F. RIVER | EVAPORATORS - ves |ves|2-cr, | €.5. -| C.4-PASS-HOR.| SO5* | 16) | 5.6 | 247 |28.3 | 505 | 792 

KEARNY | RIVER Yes | NO E.S. C. FLH. Cond] 325° [150 | 8 |2i3 | is | 260] 36 | 325 | ns 

AVON LAKE ERIE | NOT TREATED - 15 DEAERATED ves NO E.S.B AE 0 & Cc. 200° | BLEG AT 14TH STAGE ONLY} PRES. 6.45 LB. | WATER DEAERATED IN HEATER CONDENSER 
SOMERSET H.S.F. EVAPORATOR - DEAERATOR YES | YES| 2-€F. E.S.2A.E C. 4°PASS, FL-H. 16 3 225 | 17 270 | 38 
NARRAGANSETT] ‘S. F. HOT LIME-SODA - 0 yes | no ES. c. 325° | STEAM BLED FROM |8, 12,|14 & |t7 STAGES 

EDGAR RIVER EVAPORATOR - DEAERATOR YES | YES|S-EF.-HHL.) £.5 C. 4 PASS, Fl-H. 2.4 23.1 128.4 ar Sat oak a 
LONG BEACH EVAPORATOR - DEAERATOR YES |yes|2tr.-.Ht.} £.s €. 4-PASS, FL-H. |275-300"| |22 | 3:8 | 376 [4.7 | 307 | 70.8 

SEAL BEACH EVAPORATORS HEF. sub. | €.5. ¢. FL-H. see? | 24" h-€ Pog Log Piha Birger arch tiercnrepalaaaa 
SUSQUEHANNA | WELL WATER | ZEOLITE yes NO t.S. c. 320°" 137 [3.32 | 196 [12.9 | 212 | 505 * LEAVING ECONOMIZERS 

CAHOKIA — | H.5.F MUDDY PON SULPHATE ~ CALCIUM HYDRATH ves lyes|2-EF, | £.5.AH.E | C. FL-H. 260° | 85 90 M40 210 

RIVERSIDE | Syrtwarrr | EVAPORATORS No I-EF, HP | ELS. c ore |e | Sa | i | ESS econ 22° | 149 | “DEAERATION IN CONDENSER 
WAUKEGAN | LAKE- H | SAND FILTERS- ZEOLITE No | NO es. ORC. TT bd ral OPEN HEATER USED FOR MAKEUP 
VALMONT | GLACIER | NO TREATMENT YES E.S. C.2& 4-PASS 1x2] 9 | 169 | 19 | 284| 66.5 

HALES BAR | River EVAPORATORS ves| 2-cF. ur | £.S. 210° 35 135 

BIG SIOUX YES | YES|2tF WP | E.5. 230° | 140] 19 | 200 | 3.7 *DEAERATION IN CONDENSER 
NEOSHO | RIVERWATER | FILTERS AND EVAPORATORS ves | 2-eF. H.R | E. 5. c. 

DRESSER | RIVER WATER | SAND FILTERS- EVAPORATORS ves | 2-CF. HHL] E.S. & AUX.E| ©. 240° | VARY WIDELY WITH LOAD 

EDGEWATER | LAKE WATER | INTERNAL TREATMENT yes | No EXHAUST S.| 0. DEAERATING | 210° 
| BARBADOES I.| RIVER WATER | SAND FILTERS AND EVAPORATORS ves | 2-EF ES A EVAR | 0.&C. : ‘an pap epi ien bog pens aay 
PINE GROVE | RIVER WATER | PRESSURE FLTER yes | No HOUSE 7. E. | 0. DEAERATING 

IRON MT. LIME SODA-HOT PROCESS-FILTER| NO | NO 

FORDSON RIVER SODA ASH NO YES| 2-EF SEE REMARKS| OPEN 205° LIVE STEAM TOEVAP. AND AUX. EXHAUST 
BROTHERHOOD | suicitLy H.] NOT TREATED EXHAUST S. | OPEN aie* 

BETTENDORF | RIVER ZEOLITE OPEN 160-180° 

BAYONNE HARD SULPHATE OF IRON-LIME - SODA EXHAUST S. | OPEN 212° BOILER PLANT ONLY 

S.F.= SCALE FORMING . H* HARD. Z + ZEOLITE N. © NEUTRALIZING, D. = DEAERATOR. E. - EVAPORATOR €F.-EFFECT. mint SUBMERGED 
HOUSE TUR 


.T.E. = EXHAUST 


€.S.+* EXTRACTION STEAM. A.E.= AUX. EXHAUST 


it more and more desirable to install water treating 
equipment., 

The degree to which feed water treating equipment 
is being used is reflected in the accompanying table 
where it will be noted that of all the central station 
plants on which information was available there are 
only two which have no feed water treating apparatus. 
One of these is the Valmont station in Celorado, which 
obtains its water from a nearby glacier. Glacier water, 
of course, is as nearly pure water as can be obtained in 
nature. 

Systems of treatments used in these plants vary con- 
siderably according to the kind of raw water available, 
the type of plant, and, to a certain extent, upon the in- 
dividual preference of the designer. The two principal 
forms of treatment available are either chemical treat- 





ment or evaporation. Chemical treatment does not 
necessarily remove the harmful impurities from the 
water but either neutralizes them so that their effect is 
harmless or exchanges the harmful impurities for others 
that are not harmful. With evaporation, on the other 
hand, all the impurities, harmful and otherwise, are 
removed, and perfectly pure water delivered to the 
boiler. 

During the past few years the use of the evaporator 
in power plants has become much more popular than it 
was at one time, a condition which has been brought 
about by the increasing need for pure boiler water. 
This tendency towards the use of evaporators is well 
shown in the tabulation, where of the 22-central stations 
on which data were available, 13 of them are provided 
with evaporators. It is, of course, not wise to draw any 
definite conclusions from such a comparatively small list 
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BY COMMONWEALTH EDISON CO. 


of plants but, since this list has in it some of the 
largest plants in the country, it is not entirely meaning- 
less. 

The use of absolutely pure water, as produced by 
the evaporator, has made apparent the need for ap- 
paratus to effect the removal of oxygen and dissolved 
gases, for it was found that even when evaporated water 
was used, there was trouble due to corrosion. This 
corrosion, it has been fairly well established, is due to 
the action of the dissolved oxygen in the feed water. 
The action of such dissolved oxygen on boiler metals 
is greatly accelerated at the high temperatures occur- 
ring. in steam boilers. 

It is for the removal of these dissolved gases that 
deaerators and deaerating heaters have come into ex- 
tensive use. It will be noted that with only one or 
. two exceptions, all of the stations listed use separate 
deaerators or deaerating heaters. This is the case, not 
only in stations using evaporators but also in those hav- 
ing other methods of treating their feed water. 
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The use of evaporators, together with deaerating ap- 
‘paratus of some kind, seems to be highly satisfactory 
from an operating standpoint and it has been demon- 
strated that boilers using evaporated and deaerated 
water can operate for as long as a year at a time with- 
out a trace of scale accumulating. 

Development in equipment for the treating of feed 
water by chemical means has gone forward steadily 
during recent years and plants of all sizes are using 
such equipment. Both the zeolite process and the Lime 
and Soda process, it will be noted, are in extensive use. 


' Caustic EMBRITTLEMENT AND THE AcID TREATMENT 


The subject of caustic embrittlement in steam boil- 
ers has always been a point around which much dis- 
cussion has taken place but in the light of recent re- 
search it is of particular interest at the present time. 
It is claimed that in certain processes of treating make- 
up feed water the content of bicarbonate of soda is in- 
creased. As a result of this under the present boiler 
practice of high pressure and temperature, the boiler 
waters reach a relatively high causticity, due to the con- 
version of the sodium carbonate (Na,Co,) to sodium 
hydrate (NaOH). 

It is this condition of high causticity that is con- 
sidered contributory to what is generally known as 
caustic embrittlement. The caustic soda attacks iron 
with the generation of nacent hydrogen which, having 
a natural affinity for metals, enters into the texture of 
the iron and modifies its physical properties with the 
resultant formation of cracks or brittleness. This the- 
ory has been advanced because cracks have been found 
in or near riveted seams of a small number of steam 
boilers fed with artesian well waters, high in sodium 
carbonate and low in sulphates, and also in some boilers 
fed with distilled water to which large amounts of soda 
ash have been added. 

To counteract this action it has been proposed by 
those advancing the theory to maintain a ratio of sodi- 
um sulphate to sodium hydroxide in the boiler salines 
that is greater than one, in the hope that it may be 
beneficial to internally stressed material. There is dis- 
agreement on this point, however, and the manufactur- 
ers of water treating equipment, although they have de- 
veloped and installed apparatus for maintaining the 
desired sodium sulphate, sodium hydroxide ratio, they 
do not necessarily subscribe to the theory. 

NEUTRALIZING System Usep By COMMONWEALTH 

Epison Co. 

The Commonwealth Edison Co. has installed equip- 
ment of this kind in the Calumet station in Chicago, 
where the zeolite method of water treatment is em- 
ployed. A system is used in which the zeolite treated 
makeup is treated with acid just before its injection into 
the station hot water reservoirs. 

The station makeup is drawn from these reservoirs, 
the water of which is largely diluted with certain trap 
and heater drainages. This system was described in the 
1925 report on feed water treatment issued by the N. 
E. L. A., the drawings of which are reproduced here. 
Figure 1 is a diagrammatic sketch of the system, while 
Fig. 2 shows more in detail the method of feeding acid 
to the zeolite treated water. 

It has been found in using this equipment that, in 
order to obtain the desired sulphate—causticity ratio 
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in the boiler water—the acid treatment requires that 
the alkalinity of the zeolite treated makeup be reduced 
from 7 grains to 2.5 grains per gal. The variation in 
the alkalinity of the acid treated zeolite water is the 
guide for the quantity of acid to be fed into the system. 
- The acid used with this system is commercial sulphuric 
acid of 1.84 specific gravity. It is claimed that this 
installation was made mainly with the idea of establish- 
ing conditions incident to acid treatment of feed water 
and the mere fact that caustic embrittlement has not 
oceurred with its use is no proof that it would have 
occurred if it had not been used. 

Naturally with a new apparatus of this kind certain 
operating difficulties are bound to occur and some of 
these troubles are described in a statement by the Com- 
monwealth Edison Co. in the 1926 Feed Water Treat- 
ment report of the N. E. L. A. The handling of the 
dilute acid from acid egg to supply tanks was by means 
of lead lined piping. Experience has shown, however, 
that if the lead coating is not perfect, corrosion will 
take place, and it has been found necessary to replace 
some lines with lead piping in conduit. In the case of 
the smaller piping and fittings in connection with floats 
and acid feed control box, group supply tanks, and 
many chambers, it has been found that corrosion trou- 
bles were eliminated by the use of bard rubber. 

Some difficulty was had with corrosion of the acid 
container, which was of steel. It is believed that this 
piece of apparatus should be made of acid-resisting ma- 
terial or should be eliminated entirely. 

As may be noted from the table, a system similar to 
this has been installed in the Crawford Ave. station. 

Another interesting acid neutralizing system, also 
deseribed in the 1926 N. E. L. A. Feed Water Treat- 
ment report, was installed in a plant of the Dallas 
Power and Light Co. This company had experienced 
severe trouble with embrittlement of the steel in the 
boilers and, to prevent.a recurrence of the trouble in 
the new drums that had been installed, it was decided 
to keep the concentration of carbonates below a certain 
point and also to maintain the sodium sulphate at 3% 
times that amount. This required that carbonates be 
removed and sulphates added. Two ways of doing this 
were considered and treatment with sulphuric acid was 
found most effective. 


In this particular case it was decided to put the 


water directly into the feed-water heater but in working 
out a method the question of how much acid to feed 
came up. To avoid trouble with the heater and feed 
pumps and piping it was essential that the boiler water 
be always slightly alkaline. Since the amount of car- 
bonates in the feed water seldom exceeded 114 parts 
per 100,000 and, since 2/3 of this had to be neutralized, 
it was necessary to develop a simple, quick and positive 
test, which would indicate the-presence of 1% part of 
carbonate per 100,000. This was difficult. 

After several plans it was finally decided to intro- 
duce the caustic water from the boilers into the boiler 
feed water. This would increase the total solids in the 


boiler feed but would not increase the concentration in 
the boilers. It was obvious that, if enough of the caustic 
water was added to the boiler feed to give it 50 parts 
causticity per 1,000,000 considerably more acid could 
be added safely and a positive phenolphthalein test 
could be used as a control. 

A small pipe was tapped into the blowoff line from 
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each boiler ahead of the blowoff valve and run to a 
common header which joined the discharge of an ejec- 
tor arranged for feeding the acid between the ejector 
and the feed water heater. In this manner acid is neu- 
tralized by the boiler water before it enters the heater 
and the only equipment which ever contains an acid 
water is the ejector and associated piping. To control 
the flow of boiler water it was necessary only to con- 
nect a pressure gage to the common blowoff header with 
a valve ahead of it to maintain the pressure required. 

This equipment has been in use for over six months 
and has been highly effective in maintaining the de- 
sired sulphate-carbonate ratio. It is not claimed, how- 
ever, that this is a cure for caustic embrittlement or 
even that there is or is not such a thing as caustic em- 
brittlement. All that is known is that something in the 
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STATION 


operating conditions tended to make the steel become 
brittle. Because of this embrittling action it had been 
necessary to junk four boilers of 5200 sq. ft. each and to 
install new drums on three others. So it was agreed 
that everything should be done to prevent a recurrence 
of the trouble and, since the best authorities claim that 
there will be no embrittlement if the correct carbonate- 
sulphate ratio is maintained, the acid treatment was 
adopted. 

As is evident from the table, the lime-soda ash meth- 
od of treatment is popular and is widely used. The 
assertion has been made, however, that this method of 
treatment is not as successful at high boiler pressures 
as at low pressures and the use of tri-sodium phosphate 
has been advocated as a substitute for sodium carbonate. 
It is claimed that it does not dissociate to form sodium 
hydrate to the same extent as does sodium carbonate. 
The dissociation of sodium carbonate into sodium hy- 
drate and carbon dioxide takes place in boiler water at 
high temperatures and pressures according to the fol- 
lowing equation: 

Na, CO, + H,O = 2 Na OH + CO, 
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The CO, passes off with the steam and the sodium hy- 
drate, when the water is low in sulphates, as has been 
stated previously, causes embrittlement. The superiority 
of tri-sodium phosphate in this respect is not generally 
admitted, however, and, from a study of the stations 
under discussion, it does not appear to be in use to any 
great extent. 

Zeolite systems for treating feed water are used in 
all types and sizes of modern power stations. The zeo- 
lite softener in use today is essentially unchanged from 
the original design but a number of improvements have 
been made, which increase the effectiveness of its opera- 
tion. Improvements have been made in the salt-dissolv- 
ing equipment, which permit the use of a cheap, com- 
mon run-of-mine salt. The brine saturators are now so 
designed as to combine rapid dissolving of the salt, re- 
moval of dirt present in such salt and ready disposal 
of this dirt from the dissolving tank. 


Practice in Feed Water Heating 


Tur REGENERATIVE CycLteE Is_ BEING 
Usep in Most oF THE MODERN STATIONS 


EED WATER heating in most of the larger central 

stations is accomplished by the use of multi-stage 
feed water heaters operating on the regenerative cycle. 
This method of heating has many advantages and, as 
may be noted from the tabulation, nearly all of the sta- 
tions considered use it. 

Temperatures and pressures used in the regenerative 
eycle vary widely, however, and the figures given in the 
table are not to be considered conclusive or even accu- 
rate. They are listed primarily to show the wide di- 
vergence between them. Accurate data were very diffi- 
cult to obtain, as in many plants the temperatures and 
pressures are by no means constant. They vary widely 
with different loads and on different units and, in many 
eases, are changed from time to time to meet with new 
conditions arising. 

The actual arrangement of heaters and the number 
of stages employed are also different in each station 
and it is difficult to classify the data obtained on the 
plants considered in this survey. In a survey con- 
ducted by the N. E. L. A. some time ago in plants, the 
construction of which was started not earlier than the 
spring of 1923, it was found that 53 per cent of the 
stations employed 3-stage heating. The average number 
of heaters used was 2.8 and the average temperature of 
the water leaving the last heater was 274 deg. F. The 
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FIG, 2. HEAT BALANCE DIAGRAM FOR KEARNY 
average temperature of the water entering the econo- 
mizer was 246 deg. F., the average temperature entering 
the boiler without economizer 290 deg. F. and with econ- 
omizer 325 deg. F. 

Extraction heaters in use are mostly of the closed 
multiple pass type. These are, however, in many cases, 
used in combination with open deaerating type heaters. 
Closed heaters generally seem to be vented either to a 
lower level heater or to a lower stage of the turbine, 
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FIG, 1. HEAT BALANCE DIAGRAM, EDGAR STATION 
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either method apparently giving good results. The de- 
aerator type also must be vented but, in this case, the 
escaping vapor is condensed by the incoming cold water, 
irrespective of whether the pressure in the deaerator is 
below atmospheric pressure and a steam ejector has to 
be used or whether it is above atmospheric pressure and 
no ejector is needed. This precaution is necessary not 
only to conserve the heat in the escaping steam but also 
to reduce the amount of makeup to a minimum. 

As stated previously, the layouts of the feed water 
systems in the various stations vary widely and, while 
no attempt will be made to show the arrangement in all 
the stations listed, a few of the principal ones are here 
shown. Figure 1 shows the system used at Edgar. The 
heat in the air cooler and oil cooler is first absorbed by 
the condensate; after which the condensate passes 
through the low pressure heater, from there to the de- 
aerator and then to the high pressure heater. The evap- 
orator is supplied with high pressure steam, the vapor 
being absorbed after the condensate leaves the high 
pressure heater and before it enters the economizer. 
The steam used for deaerating is taken from the line 
into the second level heater. 
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The system used at Kearny is shown in Fig. 2. The 
turbine units are arranged for bleeding at four points. 
No evaporators are used. A deaerating type heater is 
installed which takes the place of a second level heater. 
If necessary, additional steam can be bled from the 
third level heater to raise the temperature in the de- 
aerating heater. Steam from the second bleeding point 
is absorbed in a barometric condenser located high 
enough above the deaerating heater to permit the tem- 
perature in the heater being raised above that of the 
second bleeding point and still allow the barometric 
condenser to function satisfactorily. 


Borter Freep Pumps 


Practice in regard to the boiler feed pumps used in 
central stations is shown in the table. Here too, it 
will be noted, practice varies widely according to con- 
ditions existing in the plant. The use of multi-stage 
pumps predominates but there are quite a few cases 
where the single stage high pressure pump is installed. 
The motor drive also predominates but for emergency 
uses there is always at least one turbine driven unit 
installed. 


Economizers Developed to Meet High Pressures 


Street, TUBES WITH PROTECTED SURFACES ARE OuT- 
STANDING FEATURES OF ECONOMIZER DEVELOPMENT 


ONSIDERABLE change has taken place during the 
past few years in economizer practice. Not long 


ago it was thought that cast iron was the only logical 


metal for use in economizers. Today, however, steel 
tubes are used extensively, especially where they are 
subjected to high pressures. Group arrangements have 
given way almost entirely to the unit type, which, in 
addition to other advantages, permits locating the econ- 
omizer within the boiler setting instead of in the breech- 
ing, though the latter location is still common. Another 
growing tendency is to employ the rear or low tempera- 
ture section of the boiler to raise the temperature of the 
feed water on its way to the boiler proper. Again, due 
to an increasing tendency to preheat the air, used in 
the combustion of the fuel, by means of the fiue gas, 
another factor has entered which influences not only the 
size of the economizer and its location but, in some cases, 
the preheater has displaced the economizer entirely. 

Economizers of the cast-iron type are invariably 
placed in the breeching between the boiler and the 
stack, which location is almost essential, due to the scrap- 
ing mechanism required for keeping the tubes free of 
soot. Steel tube economizers are not limited as to loca- 
tion, as they can be arranged as an integral part of the 
boiler, located within the boiler setting or in the breech- 
ing. Where the water temperature entering the econo- 
mizer is low some protection against corrosion is pro- 
vided. One make has the tubes covered with cast-iron 
rings which not only serve as a protection against cor- 
rosion but increase the heating surface exposed to the 
gases. Another make has the tubes covered with a thin 
coating of lead to prevent corrosive action. 

Although in some cases, due to plant layout, the 
water flow is in the same general direction as the gases 
or directly across the gas stream, the tendency today is 


distinctly towards the counterflow arrangement wherever 
possible. . 


Ratio oF Borer HEATING SuRFACE TO ECONOMIZER 
SURFACE 


Just what the ratio between the economizer surface 
and the water heating surface in the boiler should be 
is dependent upon several features of the installation. 
The expected load upon the boiler, the steam pressure 
carried, the relative size of the superheater, the amount 
of reheat surface in the boiler, the kind of fuel to be 
burned and the installation of an air preheater must all 
be considered when determining the size of the econo- 
mizer, 

Inspection of the accompanying table will show that 
the ratio varies, for economizers that are not an in- 
tegral part of the boiler, from 38 per cent to 76.3 per 
cent. An analysis of data given, however, reveals that 
the plants using air preheaters and those where the 
entering feed water is high have a lower percentage 
of economizer surface. Those having a high percentage 
of economizer surface are evidently designed with the 
intention of arranging the entire heating surface so 
that it will be subjected to a sufficiently high tempera- 
ture difference to permit every part of it to do a proper 
amount of work. Integral type economizers have a 
lower ratio, varying from 23.6 per cent to 47.9. 

Modern practice, according to some authorities, calls 
for ratios of gas to water weights varying from 1.3 to 
1.5. With such ratios the loss in temperature on the 
gas side is about three times the increase in tempera- 
ture of the water. In the plants analyzed, however, the 
gas temperature drop is not so great as will be shown 
later. The work done per square foot of the economizer 
is, therefore, controlled by the inlet temperatures of the 
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ECONOM] ECON.SURE TEMPERATURES 
HEATING SURFACE] TYPE OF 
PLANT | orp BolLersa.rt.| ECONOMIZER | SURFACE OF BOLER) LOCATION WATER GAS 
aces SQ. FT.__| SURFACE 1N out IN OuT 
COLUMBIA | 15,110 counteerow) 7300 | 48 |aoneRstring 2'5 | 326 | 562 | 344 J ALSO AIR PRENEATERS 
SUPERHT.16,615 
1,000 66.3 210 TO} 340 TO} 600 TO} 275 TO 
CRAWFORD |peyiz{60OQ WATER) STEEL oes ttt BREECHING | 4'2,'O| 540 TO) 600 TO | 27970 | ALSO AIR PREHEATERS 
PHILO 14,086 STEEL 8037 | 62.7 | REAR OF nd 26 | 326 | 595 | 346 | ALSO AIR MEATER 
TRENTON TEMPERATURES AT 
am | eteer STEEL 18,764 | 65 BREECHING | 210 | 314 | 622 | 335 | SSOSTRATine 
RICHMOND | (5696 iteL. lvew jane iGeaonen | 200 | ALSO AIR HEATERS 
i 
KEARNY NONE . 
; 100=200- 300-350> PERCENT 
AVON 30,600 ose £5 eueo 64 BREECHING | 200 et 27s RATING FOR WHICH GAS 
TEMPERATURES ARE GIVEN 
SOMERSET | 14,420 STEEL q2868 | 62 BREECHING | 239 | 344 | 582 | 357 
NARRAGANSETT AIR |PREHEATERIS 
Cs yR4 a8 
350% 14,743 12,096 | 61 CLEAN WITH SOOT BLOWERS 
EDGAR 1200%15,732 | RORIZON YEG, toa =| 70 BREECHING AT 150 LB. STEAM 
15000 1448 76,3 REAR OF 280 350 
LONGBEACH) 4416 STEEL | Geo4 | 46:3  |BoueRsttunc] 336 | 366 
SEAL BEACH AIR |PREHEATERS 
SUSQUEHANNA) 144,770 STEEL 7eRd | BF2 «| eREEcHING | 2iz | 320 | 520 | 300 
AIR PREHEATERS 
CAHOKIA NONE ON 2 BOILERS 
RIVERSIDE | 10,436 STEEL 6460 | 62 BREECHING | 205 | 298 a at ae 
WAUKEGAN | 14,086 STEEL $237 | $27 | ereecnne | (38) | 388 | 833 | S0P | acco air neater 
STEEL . REAR TUBES 
VALMONT 10,645 INTEGRAL eugs | 24 OF BOILER | 20° 
HALES BAR | 10,750 CASTIBON | 7470 | 67.6 | ereccuns | 175 | 206 | 650 | 300 | SLEIEWIN SUermenees pees 
BiG Sioux | H,124t STEEL 4215 | 38 BREECHING | 230 | 305 
STEEL REAR TUBES 
DRESSER NONE 
Ti AR 
EDGEWATER| 14,6443 wivuckn | Beni ase | Since | ees | ess 470 | CLEANED BY DRILLING 
BARBADOES NONE 
PINE GROVE NONE 
IRON MT. NONE 
FORDSON AIR |PREHEATER 
BROTHERHOOD 
OF L.E.BLOG. NONE 
BETTENDORF NONE 
BAYONNE NONE 









































gas and water. Tests conducted on steel tube counter- 
flow economizers indicate that a heat transfer of 5 to 
5.25 B.t.u. per square foot per degree mean temperature 
difference can be expected. It is estimated that with 
air infiltration and radiation losses reduced to a mini- 
mum a reduction of approximately 40 deg F. in exit 
gas temperature under ordinary conditions of combus- 
tion, is equivalent to 1 per cent increase in the efficiency 
of the boiler unit. 

Although most economizers are located in the breech- 
ing between the boiler and the stack there is a growing 
tendency to place them within the boiler setting or to 
build an economizer section in the boiler. This change 
has come with the development of steel tube ezonomizers 


which do not require a scraping mechanism and may be 
subjected to the pressure carried in the boiler. Figure 
1 shows the economizer locations in the plants analyzed. 
It will be noted that in all cases where both ecenomizers 
and air preheaters are installed the gases pass first 
through the economizer. 

In the Delray plant the breeching and dampers are 
so arranged that two economizers may be used to serve 
three boilers. This additional boiler gives a flexibility 
of service and a net gain in heat absorbed but is not 
very desirable from the standpoint of operation, as a 
change in draft on one boiler affects the other two also. 
This will be appreciated upon studying Fig. 2. Another 
arrangement called for in some plants is for up-flow gas 
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and down-flow water. This arrangement is probably the 
least expensive to install but requires careful propor- 
tioning to give proper velocity of water which will pre- 
vent vapor pockets. 


TEMPERATURE RANGE 


Water inlet temperature to the economizer is gov- 
erned largely by the heat balance employed in the plant. 
The average, however, is in the neighborhood of 210 
deg. F. This is sufficiently high to prevent condensa- 
tion on the gas side of the heating surface and at the 
same time low enough to give considerable temperature 
drop between the exit gas and the entering water. 
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\ WATER TENDERS GALLERY 


FIG. 2.. BREECHING AND DAMPER ARRANGEMENT BY MEANS 
OF WHICH TWO ECONOMIZERS SERVE THREE BOILERS 


Comparison of the inlet and outlet temperatures 
given in the table will indicate that the water in passing 
through the economizer is raised about 100 to 110 deg. 
While data on the drop in temperature of the gas 
through the economizer were not available in all cases, 
it is apparent from the figures given that the average 
decrease in gas temperature is about 2.25 times the rise 
in water temperature. It is also evident that exit gas 
temperatures are about 100 deg. above the water inlet, 
temperatures and that stack temperatures of 300 to 


B. T. U. Per Hour per sq. ft. per Deg. M. T. D. 





MEAN 


FIG. 3. VARIATION OF HEAT TRANSFER IN ECONOMIZERS 


WITH VARIOUS GRADES OF MIDDLE WEST COALS 










350 deg. are common in plants where economizers are 
installed. 
Drart RESISTANCE 

So few figures were available on the draft resistance 
through the economizers in the plants analyzed that 
they were not included in the table. Each type and 
make of economizer has its own draft characteristics 
which vary with the kind of coal used, temperature of 
the water and the frequency and method of cleaning. 
Tests are recorded showing draft loss varying from 















BARBADOES ISLAND STATION 


2.5 to 4 in. of water in a steel tube economizer of 12,000 
sq. ft. surface with 4500 lb. of gas passing per hour 
per square foot of free area. 

With steel tube economizers steam soot blowers seem 
to be the preferred devices for removing the soot from 
the gas surfaces. In ordinary practice these are used 
once a day. In some plants the soct blowers are sup- 
plemented by washing the surface with a stream of 
water from a hose varying from monthly to once a year. 
Some operators prefer the hand steam lance used once 
a month to the washing method, as they believe there is 
less likelihood of corrosion with steam than with water. 
They are particularly favored with integral type econ- 
omizers that havé no protecting surface or coating. 

Mechanically operated scrapers are still favored for 
cast-iron economizers, being kept continuously in motion 
while the economizer is in service and supplemented 
with hand scraping to clean the surfaces thoroughly 
when the economizer is shut down. 
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Interior surfaces of economizers are invariably 
cleaned with turbine tube cleaners when they become 
coated with scale. 


RaTE OF Heat TRANSFER 

Due to the many conditions that affect the rate of 
heat transfer in economizers the variation is wide and 
comparative data was not available for tabulation. An 
idea of this variation, however, may be obtained from 
lists which have been reported. 

In the Chester station of the Philadelphia Electric 
Co. the heat transfer in economizers runs from 3.28 
B.t.u. per sq. ft. per deg. F. mean temperature differ- 
ence at 120 per cent rating to 6.24 B.t.u. at 300 per 
cent. In the Cleveland Electric Illuminating Co. plant 
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SOMERSET STATION 


the heat transfer ranges from 1.5 B.t.u. at 800 lb. gas 
per hr. per sq. ft. of free area to 5.5 B.t.u. at 4200 Ib. 
gas. 

How variation in the kind of coal used affects the 
heat transfer in economizers is well illustrated by the 
curves shown in Fig. 3, which were reported to the 
N. E. L. A. by the Kansas City Power & Light Co. 


Secretary Hoover on Electrical Progress 


‘*THE APPLICATION of electrical power to home use 
has received enormous expansion.’’ Said Secretary 
Herbert Hoover in the annual report of the Department 
of Commerce made recently. ‘‘The number of homes 
served has increased in six years from 5,700,000 to over 
15,000,000. The number of farms served is expanding 
rapidly, and in some states, such as California, farm 
electrification far exceeds that in any other locality in 
the world. 

‘‘This transformation, it may be said at once, has 
increased the productivity of our workmen beyond those 
of any other country; it contributes to our maintenance 
of high real wages and to the reduction of human sweat ; 
it relieves the homemaker of many irksome tasks and 
adds immeasurably to home comforts.”’ 
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Boilers and Superheaters Show Improvements 


HIGHER PRESSURES AND TEMPERATURES, LARGER BorLers, HigHER RarINés, 
REHEAT BOILERS, WATERWALLS AND IMPROVED APPURTENANCES COMBINE 


TO Make Progress IN THIS Fieutp NOTABLE. 


ECIDED changes have been witnessed in boiler and 
superheater design and operation in the past five 
years. Boiler capacities have continued to increase both 


as regards size of installation and capacity developed 
per unit of heating surface. 

Improvements in furnaces and firing systems have 
resulted in driving boiler heating surface at higher rates, 
and within the last year or two installations fired with 
pulverized coal, as well as others fired with stokers, have 
given phenomenal performance, both in regard to rat- 
ing and efficiency. There has been a consistent increase 
in the rate at which the boilers of each new installation 
are being operated. While this has increased the im- 
portance of economizers and preheaters, efficiencies have 
been maintained or even improved, and the desired end, 
in that is, more steam generating capacity for the in- 
vested dollar has been achieved. 


NOTICEABLE ABSENCE OF TROUBLE CHARACTERIZES HIGH- 
PRESSURE INSTALLATIONS 


Steam pressures and temperatures have also in- 
creased and the successful performance of the newer 
installations in this class have removed any fear which 
may have been entertained regarding their commercial 
success, There are now several installations operating 
at 600 lb. pressure and 725 deg. F., giving a good ac- 
count of themselves, while the two notable 1200-lb. in- 
stallations were put into, and have continued, in service 
with a noticeable absence of trouble. Steam tempera- 
tures of 725 deg. F. have become standard practice and 
temperatures still higher are being considered. The nu- 
merous studies now going on regarding the effect of high 
temperatures on metals will determine what metals are 
suitable for this service and just how much this tem- 
perature can be safely increased. 


*Superintendent of Generating Stations, Commonwealth Edi- 
son Co., Chicago, II}. 


By Auex D. Batey* 


Heating SuRFACE AND STEAMING CAPACITY INCREASES 
ARE NOTEWORTHY 


There has been a notable increase in the size of in- 
dividual boiler installations in regard to heating surfaces 
as well as steaming capacity and Detroit has again taken 
the lead. While the boilers at the Beacon Street heating 
plant of the Detroit Edison Co. are not operated at 
so called high pressure, they are noteworthy because 
of their size and steaming capacity. 

This change in pressure has resulted in certain 
changes in boiler design, principally in the size of tubes 
and drums. The former have been reduced from four 
to two or three inches while the drums of necessity 
have been reduced in diameter until the water content 
is relatively small compared to the steam output. Steam 
releasing surfaces have been reduced as capacity has 
been increased and as the densities of the steam and 
of the water have approached the same value. 


Heavy STEEL CAsTINGS OFFER PROBLEMS FOR 
MANUFACTURERS 


One of the major sources of trouble resulting from 
higher steam pressure and temperature has been leaky 
steel castings. Manufacturers are doubtless endeavoring 
to remedy this defect as it is very evident that methods 
and shop practices followed in the casting of these fit- 
tings be improved and that some commercial method of 
testing these castings be developed to forestall so much 
trouble in service. While forged fittings are being sup- 
plied in-the smaller sizes, no universal substitute for 
larger steel castings has as yet been developed and the 
users are looking to the manufacturers to remedy this 
condition. 

Because of higher ratings it has been necessary to 
give more consideration to proper tube spacing and 
arrangement to prevent slagging of the gas passages and 





















to facilitate cleaning. ‘The flue gas opening into the 
boiler itself has also been changed and the entire tube 
length in the first pass opened to the furnace to give 
the unrestricted effect of radiant heat. 


Mucu ANTICIPATED REHEAT BOILER TROUBLE Dip Not 
MATERIALIZE 

Inter-heat or reheat boilers which have been installed 
in several recent 600-lb. installations have justified the 
confidence and expectations of their designers and own- 
ers. Anticipated troubles have been well taken care of 
or it has been found that they did not develop. Their 
operation has been simple and not attended by any un- 
usual care or precautions. 

So far as superheaters are concerned, there has been 
a general tendency to move these nearer the furnace in 














WAUKEGAN STATION 


order to get the required steam temperature. This, 
of course, applies only to convection type superheaters 
which previously were located above the boiler tube 
bank. When brought down to an inter-deck position 
they are sometimes found in series with radiant super- 
heaters in the furnace walls. In some eases all the su- 
perheating is done with radiant superheaters and in one 
ease all superheating and reheating is accomplished with 
radiant superheaters. With this type of equipment the 
control of steam temperature is reported to be very 
exact. 

WATER COOLED WALLS Have BEEN REMARKABLY 

SUCCESSFUL 

Water cooling of furnace walls, wholly or in part, 
has been uniformly suecessful and this feature of boiler 
and furnace construction has become almost universal 
in some form or other. This type of construction, which 
was originally designed to reduce furnace maintenance, 
has developed into a most important heat absorbing 
medium and its benefits have been two fold. Refrac- 
tories were not able to stand the high temperatures and 
severe service Gue to the high capacities everywhere 
sought for and obtained. This was particularly true 
with coals having a low temperature slagging ash. The 
water cooled wall either protected the refractory from 
the high temperatures and molten ash or removed the 
refractory altogether. Second, the water-cooled wall 


which in some manner or other is generally connected 
with the boiler proper has justified the most optimistic 
promises of its advocates and as a heat absorbing medi- 
It has in a measure offset 


um has been a great success. 
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the increase in furnace temperature due to the advent 
of preheated air, but there has apparently been no dele- 
terious effect on furnace performance. 

Water screens continue to be used for pulverized 
fuel furnaces, generally connected into the boiler circu- 
lation. In one installation however this part of the in- 
stallation is a separate boiler, having its own drum and 
other boiler appurtenances. 


IMPORTANCE OF FEED WATER INCREASES WITH HIGHER 
BorLeR RATINGS 

‘Higher operating ratings and increasing rates of 
heat transfer have made clean boiler feed water an ab- 
solute necessity. Mud or scale-forming matter in any 
form can no longer be tolerated. The effect has gone 
clear back to the condensing equipment of the prime 
mover with the reduction of leakage to an absolute 
minimum. Evaporators are being used more and more 
for the purification of any necessary make-up. The 
condition of the boiler water also has a marked effect 
on the carrying over of moisture with the steam at high 
ratings. ‘i 













THE BETTENDORF PLANT 


At the high pressures and temperatures, safety 
valves which the pessimists and doubters predicted 
would give no end of trouble and which could never 
be kept tight have given surprisingly good service and 
seem to keep tight under the severe conditions imposed. 
There has been a change in other boiler appurtenances 
as well. The gage glass for high pressures resembles 
in no way its predecessor but is made up of heavy flat 
glasses mounted in a heavy steel case, the glass being 
protected on its inner face with mica to prevent etching. 


DIFFERENTIAL PRESSURE REGULATOR RELIEVES F'EED 
WatTeR REGULATOR OF SOME RESPONSIBILITY 


Feed water regulators continue to do their job 
though their work has been ameliorated in some cases 
by the addition of a differential pressure regulator, put 
in the feed lines to the individual boilers immediately 
ahead of the feed regulator. Under this condition the 
feed regulator merely controls water level and it does 
this better than when it also has to take care of pres- 
sure fluctuations which are more severe as pressures 
and ratings increase. 

In looking back over the changes in boiler and fur- 
nace design and construction, it can doubtless be said 
that progress in this branch of power station equip- 
ment has probably been more pronounced than in any 
other. 
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Boiler Pressures Continue to Increase 


HIGHER PRESSURES AND RaTINGS Brinac Out New DESIGNS AND 


PROBLEMS. 


OILER SIZES in the neighborhood of 25,000 sq. 
ft. and over are not common, boiler development 
extending to higher ratings rather than increased sur- 
faces. Evaporation rates of 11 lb. per sq. ft. of heating 
surface are reached in the later units for normal service 
with correspondingly high peak capacities for short 
periods. Trenton Channel, Kearny, Avon, Seal Beach 
and Fordson come within this class and apparently no 
one type is better adapted for these large sizes as the 
five plants represent four types of boilers. ; 
Considering only installations which have been made 
and upon which data are available, the most decided 
trend has been toward higher pressures. Two very 


REHEAT AND WarTER ScrEEN Borers Usep in New Stations 


metals at high temperatures. Plates necessary for such 
high pressures are so thick that drums have to be forged 
from solid billets, drilled out and the nozzle or flange 
forged on. Nickel steel containing from 3 to 5 per cent 
nickel has been found to give best results at present but 
it is hoped that further research may develop an alloy 
even more suitable for these extraordinary conditions. 
Evaporators Do Not ELIMINATE BoILER CONCENTRA- 
TION PROBLEM 

Drums must of necessity be small, resulting in com- 
parative small water storage capacities so that, unless 
the turbine operates under conditions of steady load, 
some kind of an accumulator or external hot water 

















DRESSER STATION ON THE WABASH RIVER 


high pressure units, one 1200 and one 1295 lb. per sq. 
in., are in service with very satisfactory reports of op- 


eration. Although this represents practice somewhat 
beyond proven ground, pressures of between 600 and 
700 lb. are well established for large central stations. 
From here the pressures range downward to 400 in 
more designs, 300 in the older stations and 200 in the 
industrials. In the latter field there is, however, a de- 
cided impetus to the use of 400 or 450 lb. boilers to be 
combined with high back pressure turbines. 


EUROPEAN PRESSURES SOMEWHAT HIGHER THAN THOSE 
Usrep HERE 


European practice runs somewhat higher than that 
followed in this country reaching as high as 1765 lb. 
and 840 to 930 deg. F. Several plants are either under 
construction or have been proposed, the most recent one 
being an industrial plant with units designed to pro- 
duce 130,000 lb. of steam per hour. Experimental work 
is even being carried on at the critical pressure of 3300 
Ib. 

Pressures of over 650 or 700 lb. have made it neces- 
sary to develop an entire new line of fittings, valves 
and gaskets and furthermore has resulted in a great 
deal of valuable research regarding the properties of 


storage tank may be necessary. In addition, there is the 
ever present difficulty of boiler concentration to deal 
with because, in spite of evaporators, concentration will 
continue to build up until some method of eliminating 
condenser leakage is developed. 

New types of boilers to meet these unusual conditions 
have been proposed and are being developed. It is prac- 
tically certain that the future will see great advances 
and important developments in this field. What these 
advances will be cannot be predicted but the trend of 
investigation at present is toward the use of small diam- 
eter tubes, which can be built to withstand high pres- 
sures in a boiler built entirely around the furnace. 
Several boilers of this type are being installed. 

In both bent tube and straight tube types there is a 
tendency toward the use of larger or more widely 
spaced tubes directly over the fire, so as to expose the 
maximum surface to radiant heat. The first two rows 
are commonly placed one above the other, rather than 
staggered, in order to increase this effect and facilitate 
cleaning. This is well illustrated on the boiler tube ar- 
rangement shown in the following article dealing with 
superheater development. Where these tubes have had 
a tendency to slag up, the problem of cleaning has been 
successfully solved by the use of a water lance. 
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STATION | MAIN FUEL 













COLUMBIA 





15,110 





CRAWFORD 16,615 





PHILO 





14066 









24087 





RICHMOND 15,697 








KEARNY 





23600 





1O4 
30,600 













AVON 30,600 










SOMERSET 14,416 12400 










16755 
11064 RC. 





13900 





4000 ¢(s) 





19,734 





EDGAR 

















15,000 
416 


Ou £ GAS 
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GAS 













SEAL BEACH 





25400 





14,770 P.C. 








18010 Rc. 





CAHOKIA 






RIVERSIDE 10,438 


WAUKEGAN 14086 








VALMONT 10,845 





HALESBAR 





10,750 
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Bie SIOUX 
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NEOSHO 12,000 





17260 







DRESSER 





EQGEWATER 4643 








BARBADOES 16400 





PINE GROVE 7964 








IRON MT. 13,610 


26470 
26,470 





FORDSON 











4120 c(s) 







OF 







3065 





BAYONNE 10217 c(s) 
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EnTIRE First Rows or TuBes Put in First Pass completion and is being tried in several industrial con- 

One, two, three, four and five passes are in general cerns. Its use is entirely satisfactory and cleaning ef- 
use, apparently more a function of the external con- fect good but comparative costs with steam operated 
ditions and equipment than of the boiler itself. As the elements are not yet available. 
regenerative cycle is extended and the feed water | _ Steam bled from the low pressure turbine has been 
brought more nearly to the boiler temperature, the last tried but is not entirely satisfactory due to the neces- 
or cooler passes of the boiler become of less use, elimi- Sty long lines and corresponding amounts of condensa- 
nating the need of multi-passing and economizers and tion. High pressure steam reduced through a monel 
throwing the responsibility of proper flue gas cooling metal orifice to the desired pressure of about 200 ib. 
into the air preheater. In practically all of the later has proven to be the most satisfactory method of opera- 
straight tube boilers the entire first row of tubes is tion and is in general use. 
thrown into the first pass regardless of whether two ReHEaT Borers Proven To Be PRacticau _ 
or three passes are utilized. Reheat boilers installed have been of the straight 

Mechanical soot blowers, sometimes using as high tube type but other types using live steam have been 
as 26 units per boiler, have been satisfactory in keeping developed and offer decided advantages over the old 
the remaining tubes clean. Considerable development type because of the absence of piping and decreased 
work has been done using compressed air in preference pressure losses. This is perhaps rightly called a re- 
to steam for this purpose. Columbia uses air at 90 lb. superheater and is described in the superheater section 
It is to be used in another large station now nearing following. 
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MANY TYPES OF BOILERS 


AND BOILER BAFFLING IN USE INDICATES DIVERSITY OF CONDITIONS AND OPINIONS IN THIS 


FIELD 


When reheat boilers were first contemplated it was 
but natural that they were developed along the lines 
of standard boilers, perhaps more in the nature of a 
separately fixed superheater with small surfaces to act 
as a screen giving protection from excessive tempera- 
tures. Practical operations of three stations for many 
months prove that the operating difficulties expected 
did not materialize. Forced shut-downs have been less 
than for standard units of the same stations and made 
necessary in every case by causes external to the reheat 
boiler itself. 

At Crawford, Philo and Columbia firing is con- 
trolled by the temperature of the reheated steam. At 
Crawford stoker speeds are automatically controlled but 
in practical operation it has been found possible to 
maintain steady combustion rates over a wide range of 
load so that this control functions only at very light 
turbine loads. 


REHEAT TuBES Must BE PROTECTED FROM OVERHEATING 

At Edgar reheat temperatures are regulated; by 
means of a movable baffle. In all the plants, it has 
been found that reheat temperatures change compara- 
tively slow so that even in case of the turbine dropping 
the entire load, there is sufficient time available to reg- 
ulate furnace conditions by hand to protect the reheat 


tubes. This protection is afforded by air admission 
doors controlled either automatically or by remote con- 
trol. 

The reheat boilers, whose main function is to reheat 
the exhaust steam from the high pressure turbines, also 
produce steam. At Crawford both types of boilers are 
set over the same furnace, the reheat boiler being rated 
at 96,500 lb. of steam per hr. with a reheat capacity 
of 480,000 lb. per hr., while the standard boilers are 
rated at 150,000 Ib. per hr. This is about 10 lb. per sq. ft. 
for the standard boilers, 16 lb. per sq. ft. for the steam- 
ing part of the reheat units and 30 Ib. per ft. for the 
reheat coils. Figures for Philo agree closely with these 
as shown by the tables. 

Although operating difficulties in connection with 
reheating are not. of importance, other complications of 
design and first cost leave the matter open to question 
and it appears doubtful if reheating is justified except 
under the most unusual conditions of a base load plant. 
Whether or not the live steam reheater will justify a 
wider application of the reheat cycle remains to be seen. 


GET WISE TO THE causes of accidents before one of 
the causes gets you, advises H. G. Wiberg of the Na- 
tional Safety Council. 
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Higher Superheats Demand Many Changes 


INCREASED SUPERHEATS AND CHANGED BOILER PRACTICE MAKE NECESSARY THE 


NLIKE PRESSURES which are determined solely 
by economic reasons, the total steam temperature 
is at present limited to a value of between 750 and 
800 deg. by the metals now in use. There has been a 
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FIG. 1. LATE DESIGN FOR PULVERIZED COAL FURNACE TO 
GIVE HIGH SUPERHEAT AND EVEN DISTRIBUTION OF GAS 
ACROSS BOILER 








decided increase of from 625 to a maximum of 750 deg. 
with at least more than a passing interest in the use of 
800 deg., which both superheater and turbine manufac- 
turers state is perfectly safe. Fragmentary reports 
from Europe indicate that attempts to go as high as 
1000 deg. are under way. It is doubtful if values much 
in excess of 750 will be attempted on a commercial 
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DEGREES SUPERHEAT 
VARIATION OF SUPERHEATER SURFACES SHOWS 


Fig. 2. 
INFLUENCE OF HIGH RATINGS AND WATER SCREENS 


‘ 


seale in this country, however, until after some radical 
metal or alloy development has been announced and 
proved satisfactory in service. 

Under a total temperature of 750 deg. the maximum 
superheat will vary from about 180 deg. at 1200 lb. to 
about 300 deg. at. 400 lb. pressure. In actual practice 


stations of the type that formerly used 200 deg. are 
_ how going as high as 280 deg., the higher pressure sta- 
tion being of course limited to a maximum of about 
250 or slightly over. 

This increase in superheat, together with the in- 
erease in the use of water walls and screens has had an 





APPLICATION OF NEw TYPES AND OTHER CHANGES TO GIVE THE DESIRED RESULT 





important bearing on the design and location of the 
superheating elements. Three types are now in com- 
mon use. The convection type represented in the ma- 
jority of stations, the radiant type as used in the water 
screen boiler of the Fordson plant and a combination 
of the two as used at Riverside. 


RADIANT AND CONVECTION Types USED IN SERIES 


Due to the different characteristics of the two types, 
a combination of the two in series can be proportioned 
so as to give an almost constant superheat over wide 
range of boiler loads. A comparatively small radiant 
surface is required to accomplish this. At Riverside 
a radiant surface of 89 sq. ft. is used with 2925 sq. ft. 
of convection coils to give practically a constant super- 
heat of 250 deg. from 100 to 300 per cent of rating. 

Additions and redesigns of old plants to give higher 








































































TYPE OF LIVE STEAM RESUPERHEATER DESIGNED 


FIG. 3. 
TO TAKE THE PLACE OF REHEAT BOILERS 


ratings have found the radiant type of particular ad- 
vantage. It is often extremely difficult, if not impos- 
sible to do anything about raising the superheat on a 
unit when the location and size are already determined. 
At the Fordson plant the boiler ratings were practically 
doubled and the additional superheat requirements suc- 
cessfully met by the radiant superheater installed in 
connection with the water screen boiler, which is en- 
tirely separate from the main boiler. 





SUPERHEATER ELEMENTS BEING PLACED 
CLOSER TO FIRE 


There has been a decided tendency to lower convec- 
tion superheaters and place the elements nearer to the 
fire. Horizontal boilers are ordinarily built in two 
decks, leaving sufficient space between the two to install 
the superheater elements. Either the sixth and seventh 
or seventh and eighth rows are generally selected for 
this division, although there is a tendency to go even 
lower and the last installation reported has the super- 
heater between the fourth and fifth rows. The arrange- 
ment is shown in Fig. 1, the four rows being reduced 
from four to three and finally to two at the edge of the 
boiler. 

Gas velocities through the boiler are equalized and a 
uniform temperature maintained over all the superheater 
elements. Two useful purposes are served by changing 
the location. The superheat is increased and at the same 
time a much more constant superheat is obtained at vari- 
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ous loads. A large part of the boiler load is carried by 
the first rows of tubes and it is reasonable to expect that 
the superheater elements placed nearer the fire will be 
more nearly subject to the same variation in heat ab- 
sorption as the boiler itself. Some difficulty, due to slag- 
ging and cleaning with tubes placed so low, has been 
reported but is not of a serious nature. 


WATER SCREENED RADIANT SUPERHEATERS IMPORTANT 
DEVELOPMENT 


Sereening radiant superheaters behind water screens 
has been a big step toward remedying some of the diffi- 
culties encountered in the first installations. Forged 
steel elements have, in general, been found most satis- 
factory and cleaning difficulties, although more serious 
than with the convection type, have caused no great 
concern. 
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‘Conditions of superheat, location and design have 
changed so rapidly that no definite value can be set for 
the proportioning of the surface in relation to the boiler 
heating surface. Furnace design, particularly water 
screen surfaces, and location are most important. Eigh- 
teen per cent seems to be a fair average value for all 
the plants considered, regardless of superheat or loca- 
tion. When plotted with superheat surface and per cent 
of the boiler heating surface against superheat in de- 
grees as in Fig. 2, the plants where the elements are 
located between the first and second pass show consider- 
able agreement. Interdeck locations show no such agree- 
ment though in general the surfaces run lower than those 
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‘rust metal, however, and, not infrequently, has a ten- 













between passes. Plants with water screens all come well 
above the lower curve, showing the varying effect of 
water screens on the elements installed in different 
locations, 







Live SteaM RewEATER SIMPLIFIES REHEAT PROBLEMS 

Reheating between turbine stages so as to eliminate 
moisture and obtain dry steam throughout the entire 
expansion in the turbine has been practiced for some 
time by using special boilers for this purpose. This 
might be better termed ‘‘resuperheating’’ and the past 
year has brought out an important development in this 
















































































THE HALES BAR STATION 





line. The heater shown in Fig. 3, designed to use live 
steam, is to be installed in connection with two new units, 
one of 104,000 kw., the other 208,000 kw. 

Live steam to the extent of about 5 per cent of the 
weight of the low-pressure steam reheated is required 
for each 100 deg. of superheat and tie temperature can 
be raised to between 30 and 50 deg. above the saturation 
temperature of the live steam. This is considerably 
lower than can be obtained in a boiler but has the 
advantage of eliminating long, low-pressure steam lines, 
complicated turbine and boiler control, as well as the 
pressure drop through these lines. The heater is placed 
in the turbine room at one end of the turbine, making 
a very simple arrangement and reducing the pressure 
drop to a negligible value. 


















Many plant superintendents use common salt to pre- 
vent freezing of fire fighting apparatus. This is satis- 
factory, if the containers are wood and if the tempera- 
ture never goes below zero. Salt solution will always 








deney to creep or crystallize on the container. Calcium 
chloride, it is felt, gives a safer and more satisfactory 
solution. 







WHERE MANY steam traps are used it pays to have 
them inspected frequently and regularly to detect leak- 
age or improper action. 
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Bigger and Better Turbines Ahead 


DEVELOPMENTS SHOW TREND 


TowarD HIGHER PRESSURES AND 


TEMPERATURES, REHEAT AND Extraction. By A. G. CHRISTIE* 


EVELOPMENT OF STEAM TURBINES in the 

United States has progressed steadily during 1926. 
Naturally the greatest publicity has been given to in- 
creases in size and in pressures and temperatures. Some 
notable advances have been made in these regards. At 
the same time improvements in both design and per- 
formance have been made in the smaller sized units suit- 
able for industrial plants, and particularly in non- 
condensing and extraction turbines, which may be in- 
stalled where commercial use will be made of the steam 
that leaves the turbine. Generators have also received 
further study and development. Details of construc- 
tion demand close attention, and new blading materials 
are finding wider application. In general, it can be 
stated that the turbines of 1926 are better built and 
more reliable than earlier units and therefore should 
have higher availability factors. 


PRESSURES AND TEMPERATURES 


Higher steam pressures were adopted for several 
large public utility central stations a few years ago. 
The number of stations using steam pressures of 500 to 
600 lb. gage is steadily increasing. Steam temperatures 
in the neighborhood of 700 degrees F. have been em- 
ployed for several years, and these have only been 
exceeded slightly in a few cases with the turbines fur- 


nished during 1926. The maximum temperature now 
proposed in this country is 750 degrees F. It was 
believed for some time that available metals would not 
stand temperatures in excess of this amount on account 
of the decrease in tensile strength. This is now recog- 
nized as a mistaken idea in view of the fact that the 
fatigue limit, rather than the tensile strength, governs 
the working life of metals, and that the former decreases 
only slightly with.increased temperatures up to 1000 
degrees F. 

A more important consideration is the phenomenon 
of ‘‘creep’’ or permanent stretching of the metal under 
relatively low loading at high temperatures. This char- 


*Professor of Mechanical Engineering, The Johns Hopkins 
University. 


acteristic of various metals is still little known, and 
much research is being conducted to study the nature 
of ‘‘ereep.’’ 

A real problem with increased temperature is the 
probability of dissociation of the steam ‘by hot super- 
heater tubes and the disastrous effects of such free oxy- 
gen as may result from dissociation, on the superheater 
tubes, the main steam piping, and the turbine blades. 
This problem of dissociation is now receiving careful 
study both here and abroad, and data will soon be avail- 
able on its possible effects. If this difficulty is not seri- 
ous, steam temperatures will probably be increased to 
850 degrees F. or higher in the immediate future. 

When high pressures are used, the steam may be 
reheated at some intermediate stage in its expansion 
either by carrying the steam back to a secondary super- 
heater in the boiler, producing high superheat, or, by 
means of live steam reheaters, giving a moderate super- 
heat. The object of reheating is to reduce wetness in 
the steam passing through the last stages of the turbine. 
Reheating is a complicated and expensive procedure. 
If the initial superheat could be raised to 850 degrees 
F., reheating would not be so necessary, and a cheaper 
and simpler plant would result. In fact this would 
accelerate the adoption of high pressures in industrial 
plants as well as in central stations. Such a trend may 
be expected within a few years if this high temperature 
ean be safely used. 

Two stations employ boiler pressures of 1200 lb. ‘or 
higher. The high pressure turbine at Edgar Station, 
Boston is reported to have operated satisfactorily dur- 
ing the past year. The turbine at Lakeside Station, 
Milwaukee has been under steam, and will probably be 
in regular service when tuis article appears. 

The desirability of high steam pressures in industrial 
plants is now better recognized, particularly where steam 
is required for process work or central heating. Cheap 
electrical power can be generated when high pressures 
are used. 

While there appears to be a definite trend towards 
higher pressures, a note of warning should be sounded. 
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Most of the high pressure installations to date have been 
planned to operate at unusually high load factors. 
These high load factors can not be provided in many 
plants, and careful studies at low load factors fre- 
quently indicate that moderate pressures permit the pro- 
duction of the cheapest power. This ultimate cost of 
power should govern the selection of the steam pressure. 


SizEs AND SPEEDS 

The largest turbine announced to date is the 208,000- 
kw. General Electric unit now under design for the 
State Line Generating Station in Indiana. This is a 
3 unit set at 1800 r.p.m. with one high pressure and 
two low pressure turbines. It will operate with 600 lb. 
gage, 750 degrees F. at the throttle, and with steam re- 
heated by live steam between cylinders to 500 degrees F. 
Other notable units from the point of exceptional size, 
are the 160,000-kw. compound turbine under construc- 
tion by American Brown Boveri Company for Hell Gate 
Station, New York; the 90,000-kw. sets for Crawford 
Avenue, Chicago and for Southern California Edison, 
Los Angeles; the 80,000-kw. unit for Hudson Avenue, 
Brooklyn; the 60,000-kw. single-cylinder, 25-cycle unit 
for Buffalo General Electric Company; the 50,000-kw. 
single cylinder, 1800 r.p.m. unit for Cahokia Station, 
St. Louis, and the 50,000-kw. Allis-Chalmers unit for 
Waukegan, Illinois. All of these represent substantial 
advances over previous construction. The installation 


of such large units has been warranted not so much 
on the basis of increased efficiency, (which gain over 
earlier units will be of a relatively small order), as by 
decreased unit plant costs, and by the suitability of such 
large units to carry the base-load portions of the rapidly 


growing loads of these public utility systems. 

Improvements in economy in smaller units have been 
secured by the use of reduction gearing, by improve- 
ments in detail design, and by building turbines for 
higher r.p.m. In Europe, 20,000-kw. turbines at 3000 
r.p.m. are in service abroad. The probable limit of size 
at 3600 r.p.m. is about 15,000 kw. These units will 
show high economy. 


SPECIAL Purpose TURBINES 

Provision has been made on all recent large turbines 
for the extraction of steam at various stages to heat the 
feed water on the regenerative cycle. Turbines have 
been bled at as many as four points for this purpose. 
Such procedure results in substantial reductions in the 
heat consumption of the plant as a whole. This desir- 
able construction has only recently been applied to small 
turbines such as are used in the average industrial plant. 
The first cost of the equipment is increased by the added 
pipes and heaters, and the layout becomes more com- 
plicated. On the other hand, operation is very simple, 
and the improved station economy soon repays the added 
eost. The regenerative cycle should be more widely 
adopted in industrial plants. 

Many regenerative turbines are sold with guarantees 
based on non-bleeding conditions, and are therefore de- 
signed to meet those guarantees. The best interests of 
the purchaser would be met if these units were designed 
and guaranteed for bleeding operation, and this plan is 
recommended in preparing specifications for purchasing 
such turbines. They will present some difficulty in test- 
ing, but: this will be offset by a small improvement in 


station economy. 


_tage with heating systems. 
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Several industrial plants requiring process steam 
have installed high pressure boilers and either extraction 
or non-condensing turbines to utilize the heat head down 
to process pressure, for developing the power needed in 
the plant. Generally this plan provides cheap elec- 
tricity. For instance, Parson’s turbines of 1500 kw. 
each, geared to direct current generators, are being sup- 
plied to a Canadian industrial plant. These receive 
steam at 300 lb. gage, 700 degrees F. and exhaust at 5 
Ib. gage, and have a bleeder at about 40 lb. gage. With- 
out bleeders the overall efficiency ratio of these units is 
guaranteed at 70 per cent, based on electrical output, 
which is good for such units. 

High pressure turbines are also being adopted by 
several plants supplying central heating systems. Un- 
doubtedly there are many places where these high pres- 
sure non-condensing turbines can be adapted to advan- 
Special turbines have been 
developed for these purposes and are understood to be 
operating satisfactorily. | 

The economy of small steam turbines has been ap- 
preciably increased during the past few years. This 
will encourage an extended use of steam turbines for 
auxiliary drive in place of electric motors, particularly 
when consideration is given to the reliability and availa- 
bility of the steam driven units, and also where speed 
variation requires complicated and expensive motor con- 
trol systems. 

A modified mereury boiler and turbine equipment 
has recently been installed and operated at the Hartford 
Electric Company. The performance of this unit is said 
to be sufficiently satisfactory to warrant the further de- 
velopment of this type on a commercial basis. 

The use of diphenyl oxide in place of mercury has 
been suggested, and research is now being conducted 
to determine its possibilities. 


GENERATORS 

Turbo-generators recently installed in central sta- 
tions are nearly all designed for closed-circuit air circu- 
lation with tubular air coolers of the fin type. This not 
only lessens the fire risk, but prolongs the life of the 
insulation as no dust or dirt is admitted to plug up the 
air slots. Furthermore, the distribution of the ventilat- 
ing air over the generator winding, and the _heat- 
dissipating capacity of the revolving fields, have been 
materially improved. These advantages are now being 
applied to the smaller units, and will better the per- 
formance, increase the efficiency, and lengthen the life 
of turbo-generators, particularly when they must oper- 
ate in dirty atmospheres. 

The use of hydrogen as a cooling medium in turbo- 
generators has been studied and tried experimentally. 
So far it has not been adopted in a commercial unit. It 
appears to have interesting possibilities. 


Various schemes for supplying power for steam tur- 
bine auxiliaries have been tried. During the past year 
there seems to be a distinct trend, when motor drives 
are used, towards the use of an auxiliary generator 
directly connected to the main turbine, to supply this 
auxiliary power. This arrangement provides energy te 
the auxiliaries at the lowest possible steam consumption, 
and has many desirable features. 

Turbine users will view with gratification the studies 


































of details now being conducted by manufacturers. The 
substantial improvements that result from such studies 
are reflected in the better turbines now being built. 

The development of methods for testing vibration in 
dises and blades in large turbines has largely eliminated 
the probability of difficulty from these sources in recent 
units. As a result of this, attention has now been 
directed to other causes of vibration particularly to the 
resonant vibration tendencies of the steel foundation 
structures at or near the running speed of the turbines. 
f It is becoming apparent that engineers must give careful 
study to foundations, and pipe connections in order to 
eliminate all troublesome vibrations. 

Studies of blading materials have continued and new 
materials such as stainless and other alloy steels, are 
now used, while the applicability and special uses of 
the older materials such as copper-nickel alloys, monel, 
and nickel steels, are better understood. Blade designs 
have been greatly improved as a result of a better under- 
standing of the causes of fatigue failures, and of the 
serious effects of internal stresses that may be set up in 
the blading material at some stage of the construction 
of the turbine. 

Engineers now appreciate the need of oxygen-free 





TURBINE ARRANGEMENT 





EEPING IN MIND the general course of steam 
turbine development during the past two years 
pointed out in the foregoing article, it may be of in- 
terest to discuss in some detail the various plants shown 






























FIG. 1, SINGLE CYLINDER, 40,000-KW. TURBINES AS USED AT 
PHILO, SHOWING ARRANGEMENT OF REHEAT PIPING 






in the accompanying table. They illustrate well the 
trends toward higher pressures and temperatures, the 
use of the extraction of steam from various parts of 
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steam if corrosion of the low pressure blading would be 
prevented. Oxygen should be removed from the feed 
water either by special provisions in the condenser, or 
by a separate deaerating equipment. Greater attention 
should be given to the design of pump glands to prevent 
leakage of oxygen into the feed system. 

One large company is spending money on the in- 
vestigation of the losses in nozzles and blade passages. 
This is most encouraging, for the possibilities of further 
improvements in economy of small and medium sized 
turbines lie largely in the reduction of losses in the 
nozzles, blading, dises, and glands, and the application 
of pure stream-line flow to the design of all blades and 
steam passages. 

Real improvements have been made in the methods 
of forging, heat treating, and inspecting spindles and 
dises for steam turbines. Failures of these parts from 
defects are becoming rare. 

It will be evident that the reliability of the turbine 
of 1926 must be greater than that of its predecessors 
in view of these developments. Further progress is 
tending towards the production of units of still greater 
reliability and availability, so that we may expect still 
better turbines in 1927. 


Analysis of Present-Day Turbine Installations 


COMMENTS ON PRESSURES AND TEMPERATURES EMPLOYED, UsE OF REHEAT, 
AND EXTRACTION 


FoR FEED WaTER HEATING 








the turbine for feed water heating, the use of reheat 
with some of the larger units and other points that have 
been mentioned. 

Of the plants shown in the accompanying table, the 
first three illustrate present practice in using high pres- 
sures and temperatures in steam power plants. At 
Columbia plant the turbines are designed for a pressure 
of 550 to 600 lb. gage, and a temperature of 750 deg. F. 
The turbines at Crawford and Philo are designed for 
throttle pressures of 550 lb. with a total steam tempera- 
ture of 725 deg. F. The next highest pressure is that 
at Riverside, 400 lb. with a total temperature of 700 
deg. at the throttle. With this exception and the ex- 
ception of the small turbine at Edgar Station, employ- 
ing 1200 lb. pressure, it will be noticed that the re- 
mainder of the plants after Philo use pressures from 
375 lb. down to 140. For industrial plants such as Iron 
Mountain, Fordson, B. of L. E., it will be noted that 
the pressure is not over 250 lb., although the tempera- 
ture is kept well up to secure the advantages of the 
superheat. It will be noted also that in many cases 
where the steam pressure is 350 or 325 lb. the total 
steam temperature is kept up to 675 deg. and even 700. 
This is the case with the turbines at Kearny, Edgar, 
Seal Beach, Susquehanna and several others that will 


be noted. 


Epaar Uses A 1200-Lz. TURBINE 


At Edgar station the operation of a turbine at a 
throttle pressure of 1200 lb. per sq. in. gage is typical 
of the practice employed in the only two plants in this 
country using this pressure, one of these being Edgar, 
the other being Lakeside plant at Milwaukee. The tur- 


bine at Edgar station takes steam at the throttle at 
1200 lb. and a total temperature of 700 deg. exhausting 
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will be noted later. 
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it at 360 lb. gage, at which pressure it is reheated, as 


Of the plants that have installed turbines equipped 
for reheating, the four plants noted on the accompany- 
ing table are typical of present practice. The first of 











Crawford Avenue station reheat is employed on the 
first three units installed in the station, but it is under- 
stood that with the fourth unit, rated at 75,000-kw. 
capacity, no reheat will be used. On the No. 1 unit the 
total volume of steam is extracted from the turbine at 
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NO RATED NO OF STAGES TOTAL} THROTTLE ao REHEAT STEAM EXTRACTION 
PLANT OF | TYPE CAPACITY NO OF SPEED PRESSURE 
UNITS EACH |H.RIT.PIL.P [stagesto en) TEMP |INaG, [eeeosl aeice STAGES |'ig ass. | TEMP | PURPOSE 
° 18 40.0 
TANDEM 550 GLAND 14.0 F.W.HEAT 
COLUMBIA | 2 COMPOUND |45.000KW |i I+ 12 | 26 |e5q | 750 | } 135 | 725 | 1800 22 a7 
NO. | TRIPLE EXP, 50,000 Kw. 36 | 23 5 64 ws 720\% 3.5 
aie CROSS COMP. | 60,000 K w. 10 y 24 TO | 120 1200 13.0 
CRAWFORD » § TRIPLE EXP 50,000 KW. 1s 15 at 39 550 725 pi 132 700 io} 50.0 FW. HEAT 
» CROSS COMR 75,000 Kw. 5 1§ q 150.0 
SINGLE CYLIN. | 440,000 K W. TWST. 6 170 
sthestoied 2 | impuise 0.45 RF sl Sessiet Geei 150. | 725 "5 220 | FWHEAT 
TRENTON HORIZONTAL | 62,500 KV.A. 1% 3 255 
CHANNEL | * | IMPULSE 50,000 K Ww? 21 | 375) 700 NONE /!200 | 17 ae F.W. HEAT 
* 10 
RICHMOND | 2 IMPULSE 50,000K w. || TANDEMCOMR | 20 | 375] 675 1800 y= 
18 
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SINGLE CYL. F.w.MEAT 
NARRAGANSETT | ¢ IMPULSE 43,750 KV.A. 17 350/ 635 - MAKE UP 
1200 * STEAM 
2 | singte cyt. | 32,000 Kw. 17 | 350] 700 expanoeoto | igoo | bP. | 384 F.W.HE AT 
EDGAR 1 SINGLE FLOW | 3I50KV.A. 20 |1200} 700 | 360 LB) 360 & REHEATED) 3600 HP 26.8 
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GBEACH | 3 SINGLE 2-37,600 Kw. fe) 65] 725 | 1.5 NONE 150 p27 - F.wW. HEA 
maieiairesiee CYLINDER 1-52,800 Kw. . , 360 4 yee ene 
2 ROWS IMP. 
PARALLEL FLOW rs ACT. WATER LEAVES HEATER) 
SEAL BEACH] | IMP E REACT, | 20000 Kw. - r enamiatie eT 350} 700 NONE. 1800 AT 152, 212] 278+ 362 Fw. HEAT 
1-30,000 Kw. GLAND- 10 50.3 
SUSQUEHANNA] 2 IMPULSE 1-3 5,000 KW 17 325) 650 NONE 1800 3 '§ “7. Fw. @ EVAP 
2 SJNGLE CYL. 17 fc 
CAHOKIA 4 5SNi bers 35,000 KV.A. 300] 600 | 0.7-2 NONE 1800 [;TO 3 F.W. HEAT 
SINGLE CYL. 
144 365 FW.HEAT 
RIVERSIDE ' pong hg 25,000 KVA. 400] 700 | 1 NONE 1800 10-15 EVAP.+ 3RDHTR, 
INGL : 2-5 4TH.STG. HTR. 
REACTION 1-25,000 kw. UNITNO! | 3818-18 
WAUKEGAN | 2 ICYL. 2-35,000 350| 675)! NONE 1000 | 2195; 25 Fw.H, 
1-20,000 Kw. 3 
VALMONT 2 1-25,000 Kw. 350| 625 NONE 1800 & Fw. H. 
HALES BAR | 2 | SINGLE CYL. | 25,000 kVA. 4 =6| se6] 725 | 1 NONE 1800 3 3S EVAP. 
7 20 210 MAKE UP 
11,250 Kw, . ” 19.0 
BIGSIOUX 2 SINGLE CYL. |'3°pp 4 325| 675| 1.5 NONE 7 a Fw. 
NEOSHO ( SINGLE CYL. | 15,000 Kw. 350] 750 NONE 1800 | 2 BLEED] POINTS F.w. H, 
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PINE GROVE; 2 SINGLE CYL. | 15625KV.A. 300] 625 NONE 1800 NONE 











































OF L.E.BLDG, 


SINGLE 15000 Kw. 2 STAGES 2 BLEED |POINTS— 
IRONMT. | 7 CYLINDER |6-750 Kw. -NOT USED 
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FORDSON Jyy, 30,000 KW, fi itgINGLE. a. dicey 5 NON 200 ONE 
ROTHERHOOD HIGH EFFICIENCY] 2-750 Kw. 125 He 150+ 
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these is Columbia station using 26-stage turbines with 
14 stages in the high pressure cylinder and 12 in the 
low pressure. After the steam has passed the 14th 
stage, the entire volume of steam is conducted to the 
reheat boiler at a pressure of about 135 lb. absolute, and 
is there reheated to a total temperature of 725 deg. and 
then returned to the 15th stage of the turbine which is 
the first stage of the low-pressure cylinder. At the 










115 lb. absolute, and reheated to 700 deg. total tem- 
perature. On the No. 2 turbine it is reheated at 120 lb. 
pressure and on the No. 3 unit at 132 lb. pressure. 
These pressures are the ones for which the turbine was 
designed, but it has been found in practice that there 
has been some variation from them. At Philo the steam 
is taken from the turbine after the seventh stage at a 
pressure of 150 lb. absolute and reheated to 725 deg. 
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The 1200-lb. turbine at Edgar station as noted above, 
exhausts at 360 lb., the entire exhaust from the turbine 
being reheated in the reheat boiler to 700 deg. total 
temperature and returned to the main steam header of 
the rest of the station at about 350 lb. pressure. 


TURBINES FOR INDUSTRIAL PLANTS 

Turbines at the Iron Mountain plant are typical of 
many recent industrial installations. The exhaust from 
these turbines is used at a pressure of about 5 lb. gage 
or 20 lb. absolute in a large battery of dry kilns and also 
in the heating system of a large factory. Other indus- 
trial turbine installations are now being made using 
various initial pressures, in one case as high as 800 lb. 
per sq. in., and expanding the steam in the turbine 
down to a pressure necessary for some part of the 

process work, possibly 150 lb. or 200 Ib. 
In the matter of sizes, Professor Christie has already 
called attention to some of the large turbines now under 
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FIG. 2. CROSS SECTION OF A 45,000-Kw., 21-STAGE STEAM 
TURBINE 


construction or installation at various important cen- 
tral stations. Of the units tabulated here, the largest 
one in actual operation is the 75,000-kw. unit at Craw- 
ford Avenue. Other large units of particular interest 
are the 50,000-kw. and 60,000-kw. units at Crawford, 
the 50,000-kw. units at Trenton Channel, the 45,000-kw. 
machines at Columbia, and the latest unit at Long 
Beach, which is rated at 52,800 kw. 


SpEEDs oF Various UNITS 


Most of the units tabulated here, as will be seen, 
operate at a speed of 1800 r.p.m. There are some ex- 
ceptions to this, however. It will be noted that the 
units at Trenton Channel plant operate at 1200 r.p.m., 
while the: units at Long Beach plant operate at 1500 
r.p.m., the latter speed made necessary by the 50-cycle 
generators installed there. The turbines at the Ford- 
son plant were designed and built by the engineers of 
the Ford Motor Co., and operate at 1200 r.p.m., while 
the small reaction units at Bettendorf plant operate at 
3600 r.p.m. 

Speeds of the’ various turbines installed at Craw- 
ford Avenue vary according to the type of turbine and 
‘the design. In the No. 1 machine, the low-pressure 
and intermediate-pressure cylinders are set with their 
shafts on the same center line, although they are inde- 
pendent machines, each driving separate generators and 
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operating at different speeds. The high-pressure unit 
is set beside the two. The low-pressure turbine operates 
at 720 r.p.m., driving a 6000-kw. generator, while the 
intermediate pressure turbine operates at 1800 r.p.m. 
driving a 29,000-kw. generator. The high-pressure unit 
also operates at 1800 r.p.m. In the No. 2 machine, 
which is a two-cylinder machine, cross-compounded, the 
high-pressure cylinder operates at 1800 r.p.m. and the 
low pressure at 1200. The No. 3 machine has the high- 
pressure and intermediate-pressure cylinder in tandem, 
the turbine wheels being on the same shaft. The low- 
pressure cylinder is set beside these two. Both rotors 
operate at 1800 r.p.m. The arrangement of No. 4 unit 
is similar to that of No. 2, namely a high-pressure and 
low-pressure cylinder, the high-pressure operating at 
1800 and the low at 1200 r.p.m. 

With the exception of the turbines at Crawford 
Avenue, and the turbines at Columbia and Richmond, 
many of the plants tabulated here are using single- 
cylinder machines. The turbines at Columbia are of 
the impulse type with a high and low-pressure cylinder, 
tandem compounded. The same arrangement is used 
on the turbines at Richmond. At Seal Beach a parallel 
flow combination impulse and reaction turbine is in- 
stalled rated at 30,000 kw. This contains two rows of 
impulse blades, nineteen rows of reaction blades, and 
six rows of Baumann blades. The Ford turbines, as 
installed at Iron Mountain and Fordson, present some 
points of interest. The 5000-kw. and 750-kw. turbines 
installed at Iron Mountain are single-cylinder machines 
with two stages each. At the Fordson plant the tur- 
bines are rated at 62,500 hp., the generator rating be- 
ing given as 30,000 kw. These turbines have a total of 
15 stages each. They are of the impulse type with one 
two-row velocity stage followed by fourteen single ve- 
locity stages, the last four stages of these being double 
flow. Typical of the single-cylinder type of unit in- 
stalled in some of the larger sizes are the 40,000-kw. 
turbines at Philo, the 50,000-kw. units at Trenton Chan- 
nel, the units at Kearney rated at 43,750 kv-a: and 
39,200 kv-a., the Avon units of 35,000 kw. and so on. 


NUMBER OF STAGES 


With various sizes of turbines, the number of stages 
will vary of course, and it will also vary according to 
the type. The 45,000-kw. tandem compound turbines 
at Columbia have a total of 26 stages, 14 in the high- 
pressure and 12 in the low-pressure cylinder. The No. 1 
unit at Crawford is a 60,000-kw. reaction machine with 
a total of 64 stages, 36 of these being in the high- 
pressure cylinder, 23 in the intermediate-pressure and 
5 in the low. The No. 2 unit at Crawford has 24 stages, 
10 in the high-pressure and 14 in the low-pressure. cyl- 
inder, while the No. 3 unit has a total of 39 stages, 
15 of these high-pressure, 15 intermediate, and the re- 
maining 9 low-pressure. The 9 low-pressure stages are 
of the double-flow type. The single-cylinder machines 
in sizes from 30,000 to 50,000 kw. usually have between 
17 and 21 stages. 

It has been pointed out elsewhere that there seems 
to be a definite trend toward the use of steam ex- 
tracted from various stages of the turbine for heating 
the feed water, this arrangement being used in con- 
junction with air preheaters or economizers or both on 
the boilers, depending upon how the heat balance of 
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each particular station is worked out. It will be noted 
that practically all of the turbines mentioned in the 
accompanying tabulation are equipped for extraction 
of steam for feed water heating. One important ex- 
ception to this is the turbines at Fordson, which are not 
provided with bleed points. There is, of course, no uni- 
formity about the points at which various types and 
sizes of turbines are bled for heating feed water, since 
these points must be determined when the heat balance 
of the whole station is worked out. Many of these tur- 
bines extract steam at three points from the turbine, 
and several from four points. 

In most cases the lowest pressure at which steam is 
extracted from the turbines about 3 or 4 lb. absolute. 
On the other end, however, there is no such uniformity. 
The highest stage of extraction on the Columbia tur- 
bines is 40 Ib., while the highest point on the turbines 
at Crawford is somewhere near 150 lb. It may be men- 
tioned in passing that the figures given for the extrac- 
tion pressures on the Crawford turbines are average 
and approximate for all the units. These figures will 
vary of course, not only with the load on the unit, but 
with the different types of units. It should also be 
noted that the extraction pressures as tabulated for the 
various plants are those for which the turbines were 
originally designed, as far as information was available 
and some changes may have been made which would 
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cause these pressures to vary from the ones originally 
designed for. 

Two bleed points at 6 and 15 lb. absolute are used 
on the turbines at Philo, while four are used on the 
Richmond turbines. In the latter case steam from the 
10th stage at 129.6 lb. absolute is taken to the evap- 
orator, steam from the 12th stage at 79.3 lb. goes to 
feed water heaters and evaporators. Steam from the 
15th stage at 28.3 lb. goes to feed water heaters and 
deaerator, and from the 18th stage at 5.6 lb. to a feed 
water heater. The 35,000-kw. turbines at Avon plant 
are equipped with only one bleed point at the 14th 
stage at a pressure of 6.65 lb. absolute, used for feed 
water heating, and it is doubtful if any more stages 
will be bled from these turbines for this purpose. Each 
of the turbines at Hales Bar is equipped for bleeding 
from two stages, the 3rd and 7th, from the 3rd at a 
pressure of 135 lb. absolute and from the 7th at a pres- 
sure of 20 lb. absolute. These are so arranged, how- 
ever, that only one bleed point can be used at a time on 
each turbine, although different pressures may be used 
on the separate turbines. At Barbadoes Island one unit 
is equipped for bleeding at only one point, at 18.5 lb. 
pressure, while the second unit can be bled at 16.93 lb. 
and also at 4.20 lb. The 5000-kw. and 750-kw. units 
at Iron Mountain are provided with two bleed points, 
but these are not used. 


Development in Steam Turbine Construction 


DISCUSSION OF TYPES AND OF CHANGES MADE Durine Past Two YrEars IN BLAp- 
ING, STAGING AND BLEEDING, AND CONSIDERATION OF CHANGED STEAM CONDITIONS 


APACITY trend in steam turbines has continued 

on the increase during the past 2 yr. This trend 
has presented problems of increasingly heavier construc- 
tion and operation, which have engaged the best minds 
in the engineering and metallurgical professions to the 
end that much higher pressures, temperatures and 
speeds have resulted. 


TYPES 


Comparatively few steam turbines are now being 
installed that operate entirely on either the reaction or 
the impulse principle. Those manufacturers who origi- 
nally constructed their turbines on the reaction principle 
are now, for the most part, adding at least a few sets of 
impulse blades. In the accompanying table this latter 
type is indicated as ‘‘Combination.’’ 

While compound turbines are likely to be used for 
the higher pressures and larger capacities, the outstand- 
ing tendency on the part of an increasing number of 
operating companies appears to be toward the use of 
larger and larger turbines of the single-cylinder design. 
This latter trend is best exemplified by the specification 
of the 60,000-kw., single-cylinder turbines for the new 
East River Station of the New York Edison Co. 


BLADING 


No increase can be seen of the use of the double- 
flow system; the single-flow and parallel-flow types be- 
ing at present most commonly installed. Besides the 
usual considerations of centrifugal stresses in blade de- 
sign the equally important one of the elimination of 
possible nodal vibrations which may cause breakage at 


much below the normally allowable stress is now being 
given considerable attention. ' 
Adoption of special blading at the low pressure end 


of the turbine has increased during the past 2 yr. The 
limiting size of a steam turbine is the area of the low- 
pressure blades or the annulus occupied by the last row 
of blades. A solution of this difficulty lies in the divi- 
sion of flow in the low-pressure side. Multiple exhaust 
blading of warped surface and tapering section type 
has been introduced to reduce the maximum stresses 
due to centrifugal action. This arrangement permits 
the attainment of large outputs at high speeds without 
the use of blades having excessive lengths or large diam- 
eter disks which involve high stresses. 


STaGING AND BLEEDING 


Seventeen overall stages appear to be more generally 
adopted in main units now than stages of lesser or 
greater number although the range is great; sixty-four 
being used in one of the units in the Crawford plant 
while only nine are used in the Big Sioux plant. 

Provision for stage bleeding is now almost universal 
in modern plants.. A year ago only three plants in the 
United States were using four bleeding stages; this 
number has doubled in the past year. 

A number of plants, although at present using a 
single or few -bleed stages, have provided four bleed 
stages for possible future use. 

Increase of steam temperatures has not kept pace 
with increased steam pressures. The tendency is to 
limit the steam temperature at the throttle to about 
725 deg. F. 
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Little trouble has been experienced with steam pres- 
sures thus far used. There are now three large instal- 
lations in this country employing 600 lb. pressure about 
to go into service. 'T'wo plants have been in successful 
operation with 1200 lb. pressure and pressures of 3200 
lb. have been proposed. 

Increase of temperature, however, has a much more 
definite effect. The difficulty lies not so much ina 
the greater temperature as it does in the effect of 
large temperature change on the strength of parts. 
Unequal heating and cooling which takes place particu- 
larly when starting up and shutting down a turbine is 
aggravated by the unequal coefficient of expansion of 
the materials used. Fortunately, particularly in the 


ease of large turbines, much higher economies from a 
theoretical standpoint are to be secured by increasing 


a ~ 
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the pressure rather than the superheat. It should be 
realized, however, that higher pressures bring about 
much greater quantity of condensate. Likewise an in- 
crease in vacuum increases the total steam volume and 
steam velocity leaving the last wheel of the turbine. 
The increase in the kinetic energy loss in the steam 
going to the condenser results in a decreased Rankine 
eycle efficiency ratio. The greater the load carried by 
the turbine, the more marked this effect becomes. 

Combining super-pressure turbines with lower pres- 
sure turbines by having the former exhaust into the 
latter at comparatively high pressure reduces the tem- 
perature range in any one turbine although exceedingly 
high overall temperature and pressure range is em- 
‘ployed. 

Low back pressures have been maintained to high 
points of vacuum through the use of efficient condens- 
ing apparatus. It must be apparent, however, that an 
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inerease in vacuum increases the total steam volume 
and the steam velocity leaving the last wheel of the 
turbine. 

Reheating of steam at bleeding points is being re- 
sorted to with increasing favor. Single-stage reheating 
at about 550 lb. gage at the throttle is becoming com- 
mon practice. 

Reheating of steam and hence reduction or elimina- 
tion of moisture appears to reduce blade erosion and 
increase the Rankine cycle efficiency for the lower 
stages. Rankine cycle efficiency ratios are higher in the 
high-pressure stages than for low-pressure stages where 
the steam is likely to be wet. Thus the overall efficiency 
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of a turbine operating on the regenerative cycle will 
be increased. 

Extraction and reheating tend to flatten the econ- 
omy curve of a turbine. Nearly equally good economy 
may be obtained under these conditions at 14, 1%, %4 
or full load. 

Efficiency is increased by removing steam from the 
turbine shell at a point near the saturation tempera- 
ture, resuperheating generally in a reheat boiler, and 
returning it to the steam path. By repeating this a 
number of times, a completely dry cycle may be main- 
tained. The gain in reheating, however, is somewhat 
offset by the increased cost of apparatus. 


WATER REQUIRED for cooling air compressors depends 
upon the type of machine and the temperature of the 
water. The following table gives the amount of water 
which would normally be required for each 100 cu. ft. of 
free air actually delivered by various machines. 

Water Temperature 60 70 
Jacket—Single-stage comp., 40 Ib. 

0 re ae ae ee ee oe 0.5 
Jacket—Single-stage comp., 100 Ib. 

pres. ; 
Jackets—2-stage comp., 80-100 lb. 

dimmer kd kote esau een 85 
Intercooler—2-stage comp., 80-100 

ORE, s cerntibecenpvewened« 2.5 
Jackets and Intercooler in Series— 

DR MI. ois 6 ein eh eo 6 2.9 


80 90 


0.6 0.7 0.9 


0.9 1.0 1.2 


10 12 14 


3.0.3.5 4.0 


3.4 40 45 
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Condenser Practice Trends Well Defined 


Stream ExtTRACTION AND INCREASED S1zE OF UNITS FurTHER COMPLICATE CON- 
DENSER SELECTION WHILE IMPROVED DESIGNS AND AUXILIARIES GIVE BETTER 
PERFORMANCE WITH THE PossIBILITY OF FurTHER GAINS. By Howarp W. LeitcH* 


ITH A GROWING REALIZATION of the sav- 

ings to be effected by a proper condenser installa- 

tion and of losses sustained by poor design and opera- 

tion, the selection of suitable condensing equipment has 

been given more consideration in the past few years 
than ever before. 

Each installation design is being considered as a 


problem peculiarly related to the plant as a whole and 
inter-related to the general heat balance, the character 
of the service, and the general conditions of location. 
Sometimes fitting condensing apparatus into available 
space overshadows requirements of low investment and 
high vacuum for the least expenditure for pumping 


power. Units are now being designed to handle over 
one and a half million pounds of steam per hour, and 
_the solution of the problems being met by a simple mul- 
tiplication of factors of units now in use would be 
absurd. 


CoNDENSER DesigN Not NECESSARILY CHANGED BY 
Steam ExtTrRAcTION 


Extraction of steam from the lower turbine stages, 
which is not being carried up to 25 per cent or 30 per 
cent of the total steam input, does not always allow of 
reduction of condenser size. For conditions where a 
large quantity of steam is bled from the turbine, selec- 
tion of a condenser presents a peculiar problem. In 
designing for this condition very little consideration 
should be given to the nominal capacity of the machine 
and the calculations should be handled as if the con- 
denser was to be selected for a low pressure turbine. 
Only the performance of that portion of the turbine 
below the last bleed stage should be considered in rela- 
tion to the size of the condenser. 

Performance of this portion of a unit is well known 
by the manufacturer, and with the information avail- 
able it is possible to balance the cost of the condenser 
against the possible increase of output available from 
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the machine. Where cool circulating water is abundant 
the possibilities for securing increased capacity and 
economy through the proper relation of condenser to the 
low pressure portion of the turbine shows a greater 
return on the investment than any other individual item 
of equipment in the entire plant. A slight increase 
in vacuum on a well designed turbine usually results 
in improved economies more than commensurate with 
the additional investment necessary to secure the in- 
creased vacuum. 


RECENT INSTALLATIONS OF SINGLE Pass Units Appear 
TO ADVANTAGE 


Surface condensers have almost monopolized the 
field for stations built on navigable waters and are 
standard for all large modern installations. Funda- 
mentally, the greatest difference in the condenser itself 
is whether the circulating water passes directly through 
all of the tubes in parallel, or, whether it passes through 
a portion of the tubes in series with another portion, 
making the so-called multiple pass type. Up to within 
the last two years the use of two-pass condensers was 
almost universal, a small number of either three-pass 
or single-pass being used. Recently, however, single- 
pass condensers have been installed for some of the 
prominent new units and the reports of their opera- 
tion are very satisfactory. 

Recent investigations of the actual conditions of 
heat transfer and water flow throughout the tube banks 
of condensers in actual service have indicated such a 
poor division of work that impetus has been given to 
the designers to improve the average performance with 
the resulting less surface. Tube cleaning still presents 
a considerable field for investigation. Sand blasting, 
boiling and acid treatment are each used in certain 
installations but the big majority of condensers are still 
cleaned by shooting wire brushes or plugs through the 
tubes by air or water pressure. 

Expansion joints, at one time considered essential 
between the turbine and the condenser, have gradually 
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been abandoned. The necessity of extra joints and the 
deterioration of the expansion element itself, increased 
the possibility of air leaks so condensers supported on 
springs with permanently installed hydraulic jacks to 
adjust the spring tension have come into favor and seem 
to answer all the requirements of flexibility. 

Search is still being made for metals with which to 
manufacture tubes which will withstand the ravages 
of tidal waters. Admiralty mixture, 70 copper, 29 zinc 
and 1 tin, is still the favorite metal. Certain installa- 
tions abroad have been made of tubes with a composition 
containing 20 per cent to 30 per cent of nickel, but it 
will take several years to determine whether the extra 
life of this metal will warrant the necessarily high cost. 
As a general rule tube failures are found to be the 
combined results of many factors including composition, 
work performed, character of cooling medium and the 
methods of cleaning. 

Reduction of tube size from the standard of one 


inch has not made much headway, although a few units - 


installed within the last two or three years have made 
use of 7-in. tubes. Where the water is dirty, however, 
the increased liability to clogging seems more than to 
offset any theoretical gain in heat transfer of the small 
tubes. Metallic packing and the practice of rolling 
tubes into the tube sheets at one or both ends have also 
made little progress, although it is realized that in 
certain installations the electrolytic advantages of metal- 
lie contact are not to be ignored. A scheme inaugurated 
by one of the tube companies of installing a flexible 
metallic ring at the base of the regular packing, seems 
to give many advantages of metallic packing, at the 
same time retaining those of the old corset lace. 


VARIABLE SPEED Pump Motors MeEret EcoNoMY AND 
SaFETY REQUIREMENTS 


Use of multiple speed circulating pumps has in- 
creased enormously so that from their being a rarity 
five years ago they are now practically universally used. 
Circulating water temperatures in more than half of the 
condenser installations have a seasonal variation from 
32 deg. to 75 or 80 deg F., so the use of duplicate multi- 
speed circulating pumps affords attractive combinations 
for economy and safety. Pumps driven by alternating 
current motors are generally designed for not more 
than three speeds. Where direct current is available 
or steam driven pumps used, however, the amount of 
circulating water delivered can be constantly regulated 
for the best economy. The availability of small turbines 
with high economy and comparatively flat water rate 
characteristics added to the possible advantage of a 
complete independent source of power has caused some 
of the latest installations to adopt this character drive. 

In the matter of air extraction apparatus the steam 
evactor is most commonly used and for a while seemed 
to be entirely supplanting the hydraulic vacuum and 
reciprocating dry air pumps. Its low first cost and 
economy of space with inter coolers using condensate 
have made this apparatus quite popular. There is, 
however, a growing tendency to dispense with the use 
of condensate, either for this service or for oil coolers, 
‘as not being able to justify the many complications. 

Where the air discharge is likely to contain consider- 
able vapor a hydraulic pump is superior to any other 
type since it is more economical than the evactor and 
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due to its action as a jet condenser to condense the vapor 
does not lose capacity as does either an ejector or a 
dry vacuum pump under these conditions. Maintenance 
of its runners, however, presents a problem and its 
vacuum is limited to that corresponding to the hurling 
water temperature. 

It has always been recognized that the most econom- 
ical method of extracting air from a condenser is by 
the use of a reciprocating dry vacuum pump. It is 
reliable and the vacuum to be obtained is limited only 
by the pump cylinder clearances. On account of the 
amount of space it occupies, the number of its installa- 
tions has been comparatively few but with the introduc- 
tion of the vertical piston design this objection has been 
removed and an increasing number of the newer in- 
stallations are making use of this design. 


AUGMENTOR OFFERS FuTuRE POSSIBILITIES OF BETTER 
PERFORMANCE 


One feature of condenser design which offers possi- 
bilities seems to have been neglected. The augmentor 
which has been used to some extent in European -prac- 
tice would seem worthy of consideration even to a 
greater extent than has heretofore been attempted. 
Condenser tube performance could be greatly improved 
provided higher steam velocities were to be maintained 
throughout that portion of the condenser not devoted 
to air cooling. By the use of the augmentor and proper 
tube distribution the performance of the condenser 
would not be compromised by the necessity for adequate 
air cooling surface. The air cooler operating under re- 
duced vacuum would of necessity also condense a con- 
siderable quantity of steam and should preferably be 
separated from the main condenser. In effect, this 
scheme of operation would be similar to the present 
two-stage steam jet air ejectors in which the inter- 
condenser would be large and much greater volumes of 
gaseous mixture would be withdrawn from the con- 
denser by the primary ejector. 

Bled steam from the main unit could be employed in 
the primary ejector and preferably a hydraulic pump 
should be employed for removing the air and non- 
condensible vapor from the augmentor condenser. It 
is believed that by some such combination as this higher 
sustained vacuums will be possible with much less tube 
surface. Furthermore any possible reduction in the 
tube surface will permit improvements in the condenser 
for draining so as to approach a dry tube condition so 
essential to good performance. 


COMMENTING ON an article ‘‘Luminous Bacteria, the 
Smallest Lamps in the World’’ in the December Scien- 
tific American, the editor of that magazine says: 

‘“Who has not read loose statements that the firefly 
or other luminous forms of life generate light far more 
efficiently than man does in his power plants? 

‘‘Granting that the overall efficiency of the best in- 
candescent lamp is only 14 of 1 per cent, parallel cal- 
culations on ‘cold light’ forms of life demonstrate that 
the overall efficiency of some forms, such as luminous 
bacteria, is only twice as great. Thus, we are within 
hailing distance of Nature already. So man, who occa- 
sionally likes to belittle his own achievements, has not 
done so badly after all. Probably he can do better.’’ 
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Condenser Improvements Benefit Entire Station 


SmnctE Pass, 


Divipep Water Box, Improvep STEAM DISTRIBUTION, 


DEAERATING HOTWELLS, INTRODUCTION OF BoILER MAKE-UP AND IMPROVED 


CLEANING MetTHops ALL ASsSsIST 


EVELOPMENT of the single pass condenser has 

done much to stimulate improved efficiency but, 
in spite of the tendency toward the use of the single 
pass unit, there is evidently little to choose between the 
two types if equally well designed. Fixed charges and 
operating costs of the circulating pumps must be con- 
sidered. With an abundance of water and low pump- 
ing heads the single-pass type is favored, but with lim- 
ited water, long tunnels and high pumping costs, the 
two-pass type has the advantage. 

Up to the present, condensers, as measured by steam 
capacity, have kept pace with the growth of turbine 
sizes, steam flows ranging up to 500,000 lb. per hr. be- 
ing handled in a single shell. Although larger units 
ean be built, construction and installation difficulties 
place this as about the upper limit so that, even with 
improved designs to increase the unit steam capacity, 
there is a tendency toward the use of divided units for 
steam flows of 1,000,000 lb. per hr. and over which have 
been proposed. The double vertical condensers as in- 
stalled at the Crawford Avenue station are admirably 
adapted to this practice. 


NEWER STATIONS VERY CONSERVATIVE ON STEAM FLOW 
Per UNIT OF SURFACE 


Steam flow per unit of surface ranges from 5 to 
almost 11 lb. per sq. ft. of condensing surface. This 
variation, however, can hardly be considered as a gen- 
eral tendency toward increased steam flow as several 
of the most recent stations are exceedingly conservative 
on this point. It is perhaps more significant to note 
that all plants which installed additional units after 
the original ones were in service some time increased 
the maximum steam flow per square foot from 7 to 30 
per cent. 

Taken under the same conditions of water load and 
equipment, it lends emphasis to the general statements 
of improved performance and efficiency. On some of 


the smaller units maximum steam flows of as high as 


20 lb. per sq. ft. are reported. Without considering 
the turbine water rate curve and water conditions, how- 
ever, such figures mean little as a basis of comparison. 
In the future they will mean less, as the demand in- 
creases for turbines having a relatively high overload 
capacity, as compared to the most economical load. 
Under small central station or industrial conditions 
carrying system loads, load factors are low but high 
peak capacity is necessary. It is but natural that con- 
densers as well as turbines will be designed for peak 
loads under which efficiency is of minor consideration. 


TuBE ARRANGEMENT Is SECRET OF EFFICIENCY 

Development, or rather efficiency, is largely tied up 
in tube arrangement, various methods being utilized to 
obtain even steam distribution and eliminate ineffective 
tubes. Removing some of the tubes to form steam 
lanes, differential tube spacing, different tube sizes to 
control the flow of water through certain sections and 
provision for a steam belt around the tube bank are 


IN IMPROVED STATION 


EFFICIENCIES 


some of the methods used. Air-cooling sections, in 
some cases 25 per cent of the total, formerly placed on 
one or both sides of the shell seems to be gradually 
shifting to the center of the shell in order to allow 
steam entirely to surround the tube bundle and give 
more uniform steam flow to all sections. 

Three recent designs are shown by tube sheet ar- 
rangements 18, 19 and 20. The last two utilize external 
air coolers, a practice which will undoubtedly increase 
in popularity as conditions make it necessary to reduce 
the size of the shell as much as possible. 

Water-sealed expansion joints are used with the sin- 
gle vertical units utilizing an exhaust stack but have 











NARRAGANSETT STATION 


entirely disappeared on large horizontal units. Springs, ~ 
usually adjustable with hydraulic jacks, are in general 
use, although Richmond makes use of a counterweight 
arrangement and a somewhat smaller unit in the south 
has been installed without condenser supports, the shell 
being hung from the turbine. 


New VertTicaL Unit Witt Be Sineie Pass 

Relatively small shell sizes of the single-pass con- 
denser makes the latter arrangement possible for me- 
dium-sized units. In fact there is a decided tendency 
toward the use of both vertical and horizontal single- 
pass condensers, the new double-shell, single-pass verti- 
cal unit designed for use with one of the new 100,000- 
kw. turbines probably being the most reliable indication 
of the trend of design for the larger units. 

Three passes have practically disappeared, the units 
in the Fordson station being the only ones of impor- 
tance built in recent years. It is not likely that the 
use of the jet condenser for central stations will in- 
erease because of complications involved in supplying 
the grade of feed water required with the high boiler 
ratings in use today. Both the Fordson and Narragan- 
sett stations can, therefore, be considered as special 
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condenser design being determined by external con- 
' ditions. 


CLEANING FAcILiITATED BY DivIpDED WATER BOXES 


Divided water boxes are, however, becoming increas- 
ingly popular, not in a certain section but throughout 
the country as a whole. The facility with which slime 
and debris can be cleaned from the tubes while the 
machine is in operation is a decided advantage in many 
plants. By properly choosing the time, the cleaning 
ean be accomplished with little or no drop in vacuum 
during the process. 

Deaeration of the condensate in the condenser hot- 
well is undoubtedly the most pronounced change. Prac- 
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This allows regulation of the hotwell temperature with 
load and water temperature. Reheating-type hotwells, 
which are in effect small jet condensers supplied with 
exhaust steam, are in use and will bring the tempera- 
ture so close to that corresponding to the vacuum that 
no difference can be detected. 

Water velocities varying from 4 to 8 ft. per second 
show little change over those of previous years, indicat- 
ing that proper velocities, which are controlled largely 
by pumping costs, have been closely determined. Veloci- 
ties in single pass units do not noticeably exceed those 
used with multi-passing, although they show somewhat 
closer agreement between various installed units. 

In all single-pass units a water-steam ratio of 100 


CONDENSER DATA 


STEAM Conn.to| HOTWELL 
LB.PER TYPE 


SURFACE 
EACH 


310,000 . 6 2 


40,000 300,000 


50,000 475,000 
50000 


35000 


RICHMOND 
KEARNY 


AVON 350,000 


35,000 
300,000 
350,000 


300. 


360,000 

320,000 
CAHOKIA 
RIVERSIDE 
WAUKEGAN 
VALMONT 
HALES BAR 235,000 
BiG SIOUX 120,000 
NEOSHO 


DRESSER 


tically all types of deaerating hotwells will meet the 
demands of manufacturers of steel economizers, while 
guarantees of from 0.03 to 0.05 ¢.c. of oxygen per liter 


have been made. Introduction of make-up water to 
the main condenser is practiced at several plants and, 
when introduced at somewhat higher than vacuum tem- 
perature, deaeration results are good without affecting 
in any way the operation of the condenser. 


EXTRACTION HEATERS ELIMINATE IMPORTANCE OF 
CONDENSATE TEMPERATURE 

Depression or undereooling of the condensate is of 
relatively small importance with the modern plant us- 
ing extraction heaters. Modern condensers, however, 
show depressions of seldom more than 2.5 or 3 deg., due 
to the practice of having the condensate steam drop 
through a steam space. One recent installation even 
has a hand-controlled damper with which the flow of 
steam to the bottom of the condenser can be controlled. 


CLEANING 
METHOD |FREQ. 


TUBES 
PACKING 


WATER 


BiG. MIAMI R BOTTOM ROLLED TOP NOT 
FIBER 
rR . ALLEN RUBBER PLUG | 1 M0. 
DELAWARE R. ROLLED © METALLIC R.P 
CORSET LACE RP 
LAKE ERIE METALLIC-ROLLED 
TAUTON R CORSEY FIBER LACING 
LINED 
; | FORE RIVER CORSET LACING 
PACIFIC O. 
AND CORSET 
AND CORSET 


AND CORSET 


LAKE 
TENN. R 


SIOUX R. CORSET LACE 


NEOSHO R. CORSET LACE 
WABASH R 


LAKE ERIE CORSET LACE 


Rr. > FIBER 


POND 5 AND CORSET 


METALLIC 


to 1 or over is provided, corresponding to a temperature 
rise of from 9 to 9.5 deg. This is made necessary pri- 
marily by the limited temperature rise which must be 
maintained in order to give uniform steam distribution 
in a single-pass unit. Some of the newer designs have 
the condenser divided into four separate sections, each 
with its own vacuum pump. 


Water VELOCITIES IN Two-Pass Units Vary WIDELY 


Two-pass units show considerable variation ranging 
from 7.6 up to 17.6 per sec. with corresponding water- 
steam ratios of 125 and 54. The average is well over 
10 with plants located on middle western rivers show- 
ing a fair degree of uniformity as might be expected 
from the similarity of water conditions. 

Cooling surface in square feet per kilowatt installed 
capacity has been steadily decreased, reaching low val- 
ues of 0.95 at Trenton Channel for single-pass con- 
densers and 1.065 at Columbia for the two-pass type. 
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By comparing actual steam condensing surfaces, exclu- 
sive of the air-cooling tubes, for plants in the same 
locality, improvements which have been made in this 
direction are more apparent. For instance, a 35,000- 
sq. ft. condenser with 6.8 per cent of the surface in an 
air cooler was installed in a Detroit plant 10 yr. ago 
under a 20,000-kw. turbine, actually 1.40 sq. ft. of 
steam condensing surface per kilowatt. The modern 
47,500-sq. ft. units with 25 per cent air-cooling surface 
have but 0.715 sq. ft. per kw. capacity, practically half 
the value used a few years ago. 

This is perhaps the most reliable measure we have 
of increased condenser efficiencies, being as it is, a direct 
comparison of condensers built by the same manufac- 
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Because of higher heat transfers and water distribution 
advantages 7% and %4-in. sizes are occasionally used 
where water conditions are good and the danger of 
stoppages and clogging relatively small. 


Metats UsEep For TuBEs REcEIVEs MucH ATTENTION 

Experimental work with various alloys has been and 
is being carried on but because of the length of time 
required for accurate determinations, nothing definite 
has been determined. Muntz metal and Admiralty mix- 
ture are still generally used, although four plants us- 
ing fresh water at widely scattered parts of the country 
report satisfactory service from brass. Aluminum- 
bronze and a high nickel content copper-nickel alloy 


CONDENSER AUXILIARY DATA 


| : CIRCULATING 
PLANT ITY 


COLUMBIA 
CRAWFORD 
PRILO 
CANNEL 
RICHMOND 
KEARNY 
AVON 


SOMERSET 


NN; RP) Xe nin wi wl ew] el 
Nin ial -| int wl nw!) Nv] 9 


EDGAR 
LONG BEACH 


SEAL BEACH 


CAHOKIA 

RIVERSIDE 

WAUKEGAN 

VALMONT 

HALES BAR TRANS. 
Big SIOUX TRANS, 
NEOSHO 27000 | TRANS 
DRESSER 

EO GEWATER | 50,000 

BAR BADOES 

PINE GROVE 

IRON MT. 


FORDSON 


L.E.BL06 


turer for the same company under the same load and 
water conditions. 
TURBINE ExtracTION UnpEer Usuau Conpitions Dogs 
Nor MareriaLLy Repuce CONDENSER SIZE 

Under various water conditions other plants range 
from 2 sq., ft. per kw. down, none of the more recent 
large plants exceeding a value of 1.43. Modern extrac- 
tion turbines in some cases allow a slight reduction in 
condenser size, althongh nowhere in relation to the re- 
duction that has taken place. Theoretically a 1500-Ib. 
regenerative cycle at 1500 lb. pressure would require 
about 47 per cent of the total steam to heat the feed 
water to its maximum value. The 10 to 15 per cent, 
which Kearny, for instance, actually uses, would come 
far from making material changes. 

Until some superior method of water purification or 
tube cleaning is developed it is not likely that the 
large 1-in. tube will be displaced from popular favor. 


PUMP 


MOTOR 


mM. 


EJ 


Heap | ORIVE 


28 422 


” 
4 qoli.|. 
16-3 | 70 | 1.5 $38 


x16) VE 


Is TURBINE 


mM 


33 | 70 |1.5 | 660 


1- TURBINE 


I-DUAL 


Mm. 





260 

1500 | 14 

1600 | 761 we 
HYD] 1 
HYD.) 2 | 30 70 | 1.5 |1.666) 75 


900) .720 


2.00 | 150 


5.19 


give promising indications. In ‘sea water containing 
entrained air a wide range of copper alloys is suscept- 
ible to corrosion at the same rate as 70-30 brass. Tem- 
perature plays a considerable part, and it is interesting 
to note that corrosion is increased for 80-20 copper- 
nickel and copper tubes with an increase of tempera- 
ture but for 70-30 brass, the rate of corrosion decreases. 
Tube packings show little signs of standardization, 
although the old-style corset lacing appears to be at 
least holding its own in spite of new types and the 
practice of rolling or expanding one end of the tube. 
One company rolls both ends of the tubes and uses one 
floating tube sheet to take care of expansion. . 


Practice in regard to condenser leakage varies, de- — 


pending primarily upon the condition of the water and 
its effect on the boiler concentration. Many plants pay 
no attention until it exceeds the make-up required. 
In general for bad waters leakages of 5 gal. per hr. or 
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over should be corrected. Packing leaks can be largely 
eliminated by proper maintenance but holes in the tubes 
are not such a simple problem and require constant 
eare. Electrolitic leakage meters are in service and are 
useful in detecting small leaks. 

For tube cleaning rubber plugs shot through the 
tubes by air or high pressure water have come into 
almost universal use. High pressure water jets, wire 
brushes, sand blasting, chemicals and baking are still 
used, however, and that the problem is far from being 
definitely settled is shown by the fact that a number 
of companies are still carrying on experimental work 
along this line. 

Cleaning periods vary from once a day to once a 
year, depending upon water conditions. Some of the 
plants stop for cleaning when the vacuum drops a cer- 
tain increment but the majority clean periodically at a 
convenient time interval determined by operating and 
load conditions. 


Chlorine with a concentration of about 0.45 parts. 


per million has been found effective in the elimination 





of algae growing in waters containing sewerage. The 
method, however, is a prevention rather than a cure, 
as the chlorine kills not the algae, but its food and is 
effective only on tubes initially clean. Baking the con- 
denser and then flushing out the cracked scale has been 
carried on successfully without apparent damage to the 
condenser or packing but the method is not widely used. 

Vertical units are usually arranged so that the bot- 
tom compartment can be pumped out periodically and 
the unit backwashed. Floating debris will collect in the 
top of the first pass and the baffle is ordinarily con- 
structed as a damper, which can be opened to bypass 
or flush this out through the discharge pipe. Traveling 
screens, which are, of course, standard equipment in all 
cases, eliminate the larger pieces. 

Although no phenomenal changes have taken place 
it is felt that the gradual improvement in condenser 
performance during the past year has been a real ac- 
complishment directly benefiting turbines and boilers, 
simplifying feed water equipment and decreasing in- 
vestment charges. 


Efficient Auxiliaries Help Condensers 


Motor Drive, Higher VOLTAGES, VARIABLE SPEED Morors, VERTICAL PUMPS AND AN 
IMPROVED Dry Vacuum Pump ALL HAvE BEARING ON CONDENSER DESIGN AND SELECTION 


UPLICATION of units, general acceptance of mo- 

tor drive, variable speed circulating pump motors 
and the introduction of a vertical reciprocating vacuum 
pump characterize condenser auxiliary development. 

Both circulating and condensate pump practice show 
a decided trend away from the steam driven to the 
motor driven unit. Alternating current voltages of 
2200 v. for both pump motors is common in the larger 
and newer stations. Circulating pumps almost invari- 
ably installed in duplicate, whether with a divided water 
box condenser or not, are generally of reduced capacity, 
so that both pumps are used at full load. A few iso- 
lated cases of duplicate pumps, each of full capacity 
and of single units, occur but they are the exception 
rather than the rule. 

Sources of auxiliary power for these essential auxil- 
iaries are fairly well divided between shaft generators, 
house turbines and transformers. Voltages of 440, 550 
and 2200 are in use, the newest stations all favoring 
the latter. In addition to the duplicate units, there is 
a decided trend toward the use of variable speed motors, 
usually the wound rotor type, while practically all use 
automatic methods of restarting the motors or switching 
to another power supply in case of interruption. Not 
over 20 seconds are required for this change. 


Steam TURBINES Have Not BEEN ENTIRELY ELIMINATED 


Steam turbines, of course, still find considerable 
application either for dual drive or as a drive for one 
of the duplicate pumps, while direct current is used 
in the Trenton Channel plant and has many points in 
its favor. One large plant nearing completion will use 
turbines entirely. 

Condensate pumps are invariably installed in du- 
plicate, each with well over 100 per cent capacity as 
determined by the steam flow to the condenser. Steam 
turbine drive is distributed about the same as with the 
circulating pumps with motors considerably in ‘the 
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FIG. 1. VERTICAL CIRCULATING PUMPS OFFER ADVANTAGES 
FOR CERTAIN CONDITIONS 
majority. Squirrel cage motors are by far the most 


widely used, although a fair representation of wound 
rotor and double squirrel cage types are found. Three 
recent stations, Kearny, Long Beach and Edgar, make 
use of the latter. 
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Horizontal two-stage condensate pumps are the most 
widely used. Vertical pumps are not so common, al- 
though the recent introduction of new vertical designs 
may influence this later. Perhaps the most interesting» 
development in the pump field is the introduction of a 
new vertical circulating water pump of decided advan- 
tage in reducing the suction lift in plants operating 
where the tides or river flows cause considerable changes 
in water levels. Further, considerable space saving is 
accomplished and the pump can be installed below the 
floor level, allowing the condenser to be set lower to 
take advantage of the barometric seal at all times. 

The total head against which the hotwell pump op- 
erates varies considerably in the various plants due to 
the different methods of heat balance. Some plants 
pump direct to a surge tank, some pump through the 
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FIG. 2. A NEW ROTATIVE DRY VACUUM PUMP GIVING TWO 


STAGES IN A SINGLE CYLINDER IS IN USE IN TWO STATIONS 


ejector coolers and various heaters, to an open heater 
or deaerator, while some deliver the condensate direct 
to the suction of the boiler feed pump. The only de- 
cided change seems to be away from the use of con- 
densate in the ejector coolers, particularly in the inter- 
cooler. Raw water, filtered water and circulating water 
are being used instead, the latter arrangement offering 
the simplest and most reliable supply. 


THREE-STAGE AIR Egector Gives Better Economy 
Steam jet air ejectors still remain the favorite meth- 
od of air removal. Two stages is standard practice in 
this country, although there has been some develop- 
ment of the three stage type as offering better economy. 
Economy is, however, not the reason for the wide ap- 
plication of ejectors, rather it is the simplicity, small 
space requirements and low maintenance and it is doubt- 
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ful if small increases in efficiency would do much to 
increase its application. 

From the standpoint of power economy, the hydraul- 
ie vacuum pump is more efficient and there seems to be 
a tendency to install a unit of this type in parallel 
with ejectors and use the latter as standby equipment. 
Various types of equipment cannot be compared by shop 
tests handling free dry air because of the different 
methods of operation. The hydraulic vacuum pump 
has the disadvantage of requiring cooler water than 
ejectors and furthermore, the vacuum obtainable is lim- 


-ited to that corresponding to the water temperature. 


Its action, however, is similar to a jet condenser and 
vapor finding its way through does not affect its air 
handling capacity to the extent that it does an ejector. 


M ANY Puants Favor THE USE OF THE RECIPROCATING 
UNIT 


Reciprocating vacuum pumps are not affected by 
water temperatures, the vacuum obtainable being lim- 
ited only by cylinder clearance. Several large stations 
depend upon this type entirely, two of them, Edgar and 
Trenton Channel, having installed the new vertical 
single cylinder, two-stage type. One of the serious ob- 
jections to the reciprocating pump was the, space re- 
quired, which has been materially reduced by the verti- 
eal design. Installed motor capacity for the unit at 
Edgar station is about 0.12 per cent of the turbine rat- 
ing and it is claimed that the average power consump- 
tion should not exceed 30 hp. for a turbine unit of 
30,000 kw. 


EXTERNAL AIR COOLERS NoT IN GENERAL USE 

Capacities of vacuum pumps depend, to a large ex- 
tent, upon the efficiency of the air cooling surface. Exter- 
nal coolers are used to some extent to increase the capaci- 
ty of the vacuum pumps and reduce the size of the main 
condenser shell. The principal objection seems to be to 
the possibility of increased air leakage without reducing 
the total surface required. Practically all the air received 
is leakage, as the percentage entering with the steam 
is small. The general opinion seems to be that the size 
of the unit should have little to do with the total air 
removed and that a value of 5 to 6 cu. ft. per min. 
represents good practice. 

With improved condenser performance the auxili- 
aries, at least the circulating and vacuum pumps become 
of increased importance. when selecting the condenser. 
In spite of their importance, however, there is little 
possibilities of important changes beyond refinements 
of design and arrangement taking place. 


HERE Is something that sounds impossible but, ac- 
cording to an engineer friend of ours, is quite prac- 
ticable. 

Not infrequently the glass front of a meter will get 
shattered and, unless the ‘‘face’’ is promptly replaced, 
the meter will suffer impairment from ingress of dirt 
and dust. 

When a new glass front is unobtainable on short no- 
tice, cut out of cardboard the shape desired; hold this 
pattern on the glass; then, with the pattern, the glass, 
a pair of scissors and your hands, all under water, the 
glass can be readily shaped by a gradual snipping 
process. 








ao 8 ._% 





bo 
~ 


to 


be 
el 


p 





POWER PLANT 
ENGINEERING 





January 1, 1927 


Electric Generator Practice 


Sizes Usep. VouLTAGES AND METHODS OF VOLTAGE CONTROL, 
PRACTICE IN FURNISHING CURRENT FOR House SUPPLY 


HAT THE INCREASE in size of generating units 
has kept pace with the increase in size of other ele- 
ments of the modern power plant is readily seen from 
a glance at the accompanying tabulation of generator 
data. As a matter of fact, the electric generator is not 


ferred to, which is to be installed at the Long Beach 
station in California. 

Generator construction has undergone no radical 
change during the past few years. The standardized 
form of high-speed alternator, having a cylindrical 





DATA ON ELECTRIC GENERATORS 





MAIN GENERATORS 


EXCITATION 
REMARKS 





— CAPACITY 





VOLTAGE | SIZE 
TYPE | SPEED | CYCLES|PHASES VOLTAGE MAIN UNITS TYPE HOUSE SUPPLY mr EXCITER VOLTAGE} DRIVE 






























































COLUMBIA | T,A.| 1800 | 60 | 3 | 13200] 48000KVA] SHAFT GENERATOR | 2300 | 270KW! 250 | DIRECT 
1800 12,500 | 6000 TO a 
cnawroen | a. | (S55 | 60 | 3 | 280 | caceo SHAFT GENERATOR 2300 250 | DIRECT ; | 
PHILO TA. 60 | 3 | 114000 | 44500Kua.| TRANSFORMER 2300 | 250Kw.| 250 | DIRECT 
TRENTON 2300AC. 
Peas ina TA. 60 | 3 | 12200] 625000kv.A] HOUSE TURBINE Seo nc} 250Kw] 250 | DIRECT | TRANS.INSTALLED FOR EMERGENCY 
TRANS. ALSO EMERGENCY 
i] /. 
RICHMOND. | T.A. | 1800} 60 | 3 | 13600 | Gz500KvA.| | Pine Aime be 2300 | 250KWw| 250 | DIRECT 
34200 kVA. 
KEARNY TA. | 1800] 60 | 3 |13800 | Je reo ky. | TRANSFORMER 2300 | 250Kw.] 250 | oIRECT 
AVON T.a. | 1800] 60 | 3 | 13,200 | 43,750KVA.| TRANSFORMER ey DIRECT 
4 
I=I75 KW. MOTOR &| GENERATOR NORMALLY EXCITED BY 
somerset | TA. | 1800 | 6O | 3 | 14,000 | 30,000KW. | SHAFT GENERATOR we [ees 200 | eet cases comectn ences 
NARRAGANSETT | LA. 60 | 3 | 11,000 | 35,000kw. | TRANSFORMER 2300 DIRECT 
37500KVA. MOTORe 
EDGAR TA. GO | 3 | 14000 | ror ova | SHAFT GENERATOR 2300 Ji7sKw.| 250 | MOTORS A 
LONG BEACH | T.A. | 1500] 50 | 3 | 11,000 jo pe TO | SHAFT GENERATOR 2300 | 175kw.| 250 | TURBINE 
0,000 Kw. 
SEAL BEACH T.A. | 1800 60 3 | 13,200 | 37500 KV.A. | SHAFT GENERATOR 2400 200Kw.| 250 DUPLEX 
30,000 2300 
ANNA | T.A. ; 
SUSQUEH TA. | 1800] 60 | 3 | 13,200 | FPN TRANSFORMER Zao | 200K | 250 | DUPLEX 
CAHOKIA ta. | 1800 | 60 | 3 | 13,800 ap ho HOUSE TURBINE 2300 | 150xKw. | 250 | DIRECT 
TRANS.ALSO EMERGENCY 110 KW. 
RIVERSIDE T.A. | 1800} 60 | 3 | 13,200 | 25,000Kva. | TRANS ALS EP 440 |. Dooxy,| 250 | DIRECT 7 
27 200KVA. 
WAUKEGAN | T.A. | 1800] 6O | 3 | 12,000| Fo ococya, | TRANSFORMER 440 |2ooxw.| 250 | DIRECT 
VALMONT TA. | 1800] 60 | 3 | 13600 | 25,000KW. | TRANSFORMER an I75kW. | 250 | DIRECT 
HALES BAR | T.A. | 1800 | 60 |. 3 | 13,200] 25000KV.A. | TRANSFORMER rane 250 | DIRECT 
BIG SIOUX | TA. 60 | 3] 6600 | 13600KVA. | HOUSE TURBINE 550 
NEOSHO ta. | 1800 | 60 | 3 | 12,000] 15,000KW. | TRANSFORMER 440 fi25Kw.| 250 | oon 
TRANS.ALSO EMERGENCY | 2300 
DRESSER TA. | 1800 | 60 | 3 | 13,200] 25000KyA. | TRANS-AS Ene 300 Tizsnw.| 250 | DIRECT 





EDGEWATER | T.A. | 1600 | 60 3 | 6600 | 25,000KV.A. | TRANSFORMER 


440 \OOKW. | 250 | DIRECT 





BARBADOES T.A. | 1800 | 60 3 | 13,900 | 25,000KV.A. | TRANSFORMER 


2300 \OOKW.| 250 | DIRECT 




















PINE GROVE | T.A. 60 3 | 12000 | 12,500KW. | HOUSE TURBINE 2300 | 100KW) 125 | DIRECT 
: 5,000 Kw. 
IRON MT. TA. 60 3 | 13,200 | oe ew. 1O0KW.| 230 | TURBINE 
30,000KW. 
FOR a. J J 
ORDSON TA 60 3 {13200 | 2 soo Kw 500 Kw. TURBINE | 
wil 1 oe 60 | 3] 250 | 2p00Kw. TURBINE 
BETTENDORF | T.A. 60 3 | 2,300 | 2,500 Kw. DIRECT 
BAYONNE BOILER PLANT ONLY NO ELECTRICAL 
FEATURES 


















































T.A.= TURBO ALTERNATOR 


necessarily the limiting factor in the growth of the 
turbo-generator. A few years ago generators of 35,000 
and 40,000-kw. capacity were considered large. Today, 
such units are quite common and a generator of 90,000- 
kw. capacity is actually under construction. Even 
larger turbo-generators are under construction but 
these are mostly cross-compound or triple-expansion 
units having more than one generator so the individual 
generators are smaller than the 90,000 kw. machine re- 


rotor and carrying the field winding in slots distributed 
over its entire surface is invariably used. Owing to 
the great stresses associated with the high peripheral 
speeds used, the entire rotor, including the extensions 
constituting the shaft is often made from a single piece 
of steel. In this manner a maximum of rigidity is se- 
cured. In the larger machines, peripheral speeds of the 
order of 25,000 ft. per min. are employed. This, however, 
is about the limit at the present time. Any discovery or 
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development that would permit of an increase of 10 
per cent would at once allow the possible size of the 
unit to be increased approximately 33 per cent, since 
the possible largest size varies approximately as the 
cube of the speed. 

Some idea of the size of modern electric generators 
may be obtained from the following weights of a 62,500- 
kv.a., 6-pole, 0.8 power factor, 1200-r.p.m., self-venti- 
lated unit installed in the Hudson Avenue Power Sta- 
tion in Brooklyn; rotor 205,000 lb.; stator 205,000 Ib.; 
shields, ete., 25,000 lb.; total, not including base, ped- 
estals or bearings, 435,000 lb. There are some 41,250 Ib. 
of copper in the machine. The stator has 37.6 miles of 
insulated wire, and the rotor 4.5 miles. 

Many interesting manufacturing processes have been 
developed for constructing alternators of these sizes, 
one of the most interesting perhaps, being the milling 
of the slots in the large rotors. The cutters employed 
for this work have been developed to their present de- 
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above 11,000 are used. This not only results in a lower 
amperage per slot in the generator but also permits the 
use of a sufficient number of slots. 

Sixty-cycle machines are used almost exclusively. In 
the stations considered in this analysis, only one used 
another frequency. This is the Long Beach station, 
which generates at 50 cycles instead of 60. The ques- 
tion of speed is closely related to that of frequency and 
it is because of our standard frequency of 60 cycles per 
second that our turbo-alternators run at either 1200 or 


1800 r.p.m. In this respect 60 cycles is perhaps not as 


suitable as 50 cycles since 50 cycles permits of syn- 
chronous speeds of 1500 and 3000, which in turn permit 
the use of smaller machines for a given output. 


House Supply 
One of the most important things in the design of 
generating stations that has occupied the minds of the 
designers and operators during the past few years has 
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gree of perfection by little inventions from time to 
time during the past few years, such as methods of se- 
curing cutter teeth in place and removing them quickly. 
At the same time great improvements have been made 
in the treatment of the steel used in the teeth. The 
result of all this improvement is that the quantity of 
material now removed in a given time is practically 
twice that of a few years ago; at the same time, the 
cutters themselves require much less attention. 

In winding modern generators of this kind, nine in- 
sulated ‘leads are often brought out instead of the usual 
six. Of the three leads per phase, one goes to neutral 
and one to each of the two groups of three circuits 
comprising each phase. The arrangement permits the 
insertion of the current transformers used with, the 
balanced relay system for generators, also the insertion 
of a differential current relay at the line end of each 
phase of the winding. 

Generator voltages it will be noted from the table 
are standard in the neighborhood of 13,000 to 14,000 v. 
There are, as in the case of Big Sioux and Edgewater 
a few stations using 6600 v., but otherwise, even in 
some of the industrial power plants listed, voltages 


been the question of house supply, for this is intimately 
associated with the question of heat balance. In the 
modern station it has become the practice to drive most 
of the auxiliaries by motors, since the exhaust steam 
for feed water heating which was formerly supplied 
by these steam-driven auxiliaries, is now supplied, more 
conveniently and economically by extraction steam from 
the main generating unit. This being the case, the ques- 
tion arises, from what source should the electricity for 
running the electrically-driven auxiliaries be obtained ? 

There are many factors entering into the problem, 
the most important being the purpose for which the 
station is designed, that is, whether it is to supply a 
base load, a system load or for standby service only. 

In general there are six sources of electric power 
for the supply of the auxiliaries in addition to a num- 
ber of special methods. These are as follows: 

Main bus bars through transformers. 

House turbines. 

Shaft generators. 

Transformers connected to the generator leads. 

Supply from another station by means of a feeder 

not directly connected to the main bus bars. 
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Direct current with storage battery reserve. 

In practice it is seldom that the auxiliary power 
supply is confined to any one of the above methods. 

Of these methods, the simplest, and also the cheap- 
est both as regards first cost, maintenance and opera- 
tion, is that where the power is taken from the main 
bus through transformers. It is rugged, and no method 
is more economical. Its great drawback, however, is 
that system disturbances are reflected into the auxiliary 
supply at the very time the operation of the auxiliaries 
is most required. For this reason it is not used except 
where another good emergency source of power is avail- 
able. Where it is used alone, the essential auxiliaries, 
such as the boiler feed pump and the condensate and 
circulating water pumps are equipped with a dual motor 
and turbine drive. 

In the house turbine method, one or more relatively 
small turbo-generators are provided for the auxiliary 
power supply. This method has the advantage of not 
being affected by system disturbances, but it has a num- 
ber of disadvantages which have limited its general 
adoption. The house turbine lends itself well to obtain- 
ing heat balance since the exhaust steam can be used 
in heating the boiler feed water, but its use entails 
many complications, both electrical and mechanical. 
Furthermore power cannot be generated as economi- 
eally by the house turbine as by the main generator. 

In many cases, however, the house turbine is used 
only as an emergency source of supply, the power for 
the auxiliaries being supplied, normally, by the main 
generators. In this case it is often kept as a stand-by set 
and used to start the station from a ‘‘cold’’ state. On ac- 
count of their infrequent use, such sets may be operated 
non-condensing since they are never in use for any ex- 
tended length of time, and the efficiency of operation 
is unimportant. 

An extension of the house turbo-generator idea is 
new in the so called auxiliary or shaft generator which 
has made its appearance during the past few years. 
With this arrangement a separate alternator is pro- 
vided. for supplying electrical energy to the auxiliaries 
but instead of driving it with a separate steam turbine, 
it is driven by the main turbine itself. This provides 
an exceedingly satisfactory source of auxiliary supply 
since the power is generated by the most efficient prime 
mover in the station. Furthermore it permits un- 
restricted use of the regenerative cycle which is gener- 
ally conceded to be satisfactory and economical. In 
some eases where this method of auxiliary supply is 
being used, the auxiliary generator is a 250-v. direct 
current machine supplying not only direct current for 
the auxiliaries but also for excitation of the main unit. 
It is therefore in this case, nothing more than an over- 
grown direct connected exciter. Direct current is well 
suited to operating auxiliaries since the direct current 
motor permits of an easy means of speed control. 

Only a few of such direct current shaft generators 
have been installed, however. In all other cases it is 
an alternating current machine. The use of the shaft 
generator in this case complicates matters in that it 
renders the use of the highly desirable direct connected 
exciter difficult. In the case of cross compound turbo- 
generators, however, the auxiliary generator can be 
driven by one of the elements while the other carries 
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the exciter which is made large enough to furnish ex- 
citation for the complete unit. 

In some stations the house supply is derived from 
step down transformers connected between the main 
generator and the main oil circuit breaker, so that in 
event of this breaker opening due to trouble on the main 
bus, excitation will not be lost or interrupted. 

The voltage used for the supply of auxiliaries, it will 
be noted from the table, is practically standardized at 
2300 v., that is, for all of the larger motors. For small 
motors under, say, 40 or 50 hp., 440 v. is still used. Some 
of the smaller stations also use 440 v. for all of the 
auxiliaries. In general 3-phase current is used for the 
motors, for the lower voltage machines as well as the 
2300-v. units. 


VOLTAGE REGULATION 

Voltage regulation in many of the newer stations is 
being accomplished by means of rheostatic type regu- 
lators which have been developed during recent years. 
When a station is on hand operation, the field is manip- 
ulated to keep a constant alternating current voltage, 
and the exciter is kept at constant voltage. Therefore 
if a regulator operates this rheostat through the medium 
of a motor, the station functions the same as if it were 
on hand operation. 

Heretofore the difficulty with a regulator that op- 
erated the field rheostat directly has been the sluggish- 
ness and the inability to prevent hunting when the 
rheostat was operated at high speeds due to the inertia 
of the moving parts. These difficulties have been over- 
come, however, by the rheostatic type regulator now 
being used. 

In some stations where all the main generators have 
direct connected exciters, stable operation is secured by 
means of a novel combination of exciter and generator 
field rheostats. With this arrangement the exciter is 
operated throughout its stable voltage range and the 
resistance is inserted in the generator field for low 
voltage. At the Hell Gate Station in New York, for in- 
stance, the first plate of the rheostat is divided up into 
three sections, the face plate of the rheostat is divided 
up into three sections. The first 38 steps operating in 
the exciter field bring the exciter voltage to a prede- 
termined minimum stable operating condition. From 
this point or over the middle section, the generator 
rheostat is in operation, and as soon as the generator 
rheostat is cut out, the exciter voltage is raised by 180 
steps in the exciter. The combination is designed for 
motor operation. 

Generally, however, in large city central stations 
supplying power from the generator bus bars at gen- 
erator voltage through a multiplicity of feeders, it is 
seldom necessary to resort to automatic voltage regula- 
tion, because the sudden changes in load are small in 
proportion to the generator capacity. 


Srx HOLLOW head pistons were recently repaired in 
a southern utility plant, after being worn beyond 
usability, by adding manganese bronze to the cast-iron 
to replace the metal worn away, then turning down to 
size. The metal added by the oxy-acetylene process was 
about 14 in. in thickness and, in turning, the chips 
came away long and curling, showing that the built up 
metal was tough and fibrous. 


POWER PLANT 
58 ENGINEERING 


Excitation Systems for Turbo-Generators 


Various SCHEMES 


IN. USE. 
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TYPES OF 


Drives, VOLTAGES AND METHODS OF CONTROL. 


N CONSIDERING the reliability of a modern gen- 

erating system one of the most vital factors deserv- 
ing attention is the excitation system. Its rank of 
importance, however, compared to other component 
parts cannot be argued, because successful operation of a 
generator unit depends upon the proper functioning of 
all component parts. Yet, it is a fact that if the excita- 
tion system fails, the generator immediately loses its 
load. ; 

There are a number of schemes in general use; one 
common practice has been to supply excitation to the 
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fields of all generators from a common exciter bus, the 
latter in turn served by several separately driven ex- 
citers operating in parallel. This has been called the 
central system with separately driven exciters. 
Another method of supplying excitation, which, as 
may be noted from the tabulation on page 55 is grow- 
ing in popularity, and avoids some of the undesirable 
features of the common bus scheme, is the individual 
exciter system. In this, individual exciters are devoted 
solely to serving their respective main generators. By 
this individual ‘arrangement, simplification in many 
ways is easily attained. System disturbances, moreover, 
are limited to a single generator unit instead of en- 
dangering the operating of the entire plant. This is 


known as the individual system with direct connected 
exciters. 


A combination method in which both of these sys- 
tems are combined is the central system with direct 
connected exciters, illustrated at B in the accompanying 
figure. In this case, the actual exciter arrangement is 
the same as in the individual system, but the exciters 
are all connected to a common bus from which all gen- 
erators are supplied. 

A fourth system, the individual system with sep- 
arately driven exciters, is shown in D. Here each main 
generator is provided with its individual separately 
driven exciter set, all of which are supplied from a 
common a. ¢. exciter motor bus. 

Which of these systems to install in a particular sta- 
tion depends largely upon individual conditions. The 
two systems most largely used are perhaps the central 
system with separately driven exciters, and the individ- 
ual exciter system. Each, of course, has its own par- 
ticular advantages but direct connection of the exciters 
to the main generator shafts seems an excellently simple 
solution to the exciter problem. Attention of the tur- 
bine room operator to an additional machine is not re- 
quired and the exciter benefits by the good speed regula- 
tion of the most accurately governed prime mover in 
the plant, the main unit. The question of reliability of 
the prime mover driving the exciter is automatically 
eliminated, since shutting down the main turbine simul- 
taneously removes the need for excitation of that unit. 
This is the system most used in large central stations. 

While modern direct connected exciters are designed 
very liberally, both mechanically and electrically and 
even though the chance for trouble with these units 
may be so minimized that sole dependence upon it is no 
more hazardous than a dozen other vital accessories to 
the main unit, it is desirable, nevertheless, to have an 
emergency excitation bus with a reserve exciter driven 
by a steam turbine, water wheel or motor, so that the 
field of any generator may be thrown on this bus in 
ease of trouble with one of the individual exciters. In 
cases where the common exciter bus is used a storage 
battery is often floated across this bus, but this cannot 
always be considered as taking the place of spare ca- 
pacity. Its function is immediately and automatically 
to take over the load of an exciter which trips by relay 
action or ceases to generate, and carry that load until 
the. exciter is restored to service or a spare put in its 
place. Its use does away with the necessity of keeping 
spare exciters on the bus and thereby permits more 
efficient operation. A battery is justified only if the 
cost of operating spare exciters on the bus, or if the 
value of increased assurance of continuous service dur- 
ing times when no spare exciters are available is greater 
than the fixed and operating costs of the battery. Most 
of the larger central stations in the cities consider the 
installation of storage batteries for this and other serv- 
ice essential. 

Exciter voltages during the past few years have in- 
creased from 125 volts, which was standard for years 
(and still is for small plants) to 250 v. This voltage, 
as can be seen from the tabulation, is used in nearly all 
of the stations under consideration. Two hundred and 
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fifty volts is preferable from the standpoint of reduced 
costs and size of apparatus and cables. Where the sta- 
tion lighting is at 250 volts a. e. the exciter bus can be 
used for emergency lighting service if it is at 250 v. 
It has been suggested that even higher voltages than 250 
v. can be used for large stations but no applications of 
such higher voltages have been made so far. 

While the choice of exciter voltage is a matter of no 
great importance there are some cases where it is more 
desirable to use one voltage than another. A given ma- 
chine requires a certain kilowatt excitation regardless 
of the voltage, so that with the higher of the two stan- 
dard voltages (125 and 250) a lower current is required 
consequently a smaller size of conductor must be 
used for the field coils. In machines of small capacity 
this may result in a wire of such small cross-section, 
and a coil of such a large number of turns that a large 
amount of coil space is taken up by insulation. Trouble 
may also be experienced in high-speed machines, in 
supporting the coil properly against centrifugal force. 
In such cases 250 v may be a real handicap. Small 
turbo-generators on which it is desired to use copper 
strap bent on edge for the field coils, also have a lower 
limit for 250 v. excitation on account of the difficulty 
experienced in bending the straps to the proper shape. 
In extremely large turbo-generators a limit is reached 
in the other direction. That is, if 125 v. excitation is 
used the current becomes so large that difficulties in 
current collection are encountered. This accounts for 
the almost exclusive use of 250 v. in the stations listed 
in this survey, since it is in these stations that the 
larger generators are installed. 

In cases where the alternators are excited from a 
common exciter bus, the question of exciter voltage 
range does not enter, since in such cases the exciters 
are required to operate at one voltage only. This con- 
dition also permits the exciters to operate well above 
the bend in the saturation curve so that good stability 
is obtained. 

When the alternator excitation is controlled by vary- 
ing the voltage of the exciter, however, the factors of 
voltage range and stability require consideration. In 
alternators of modern design the range of exciting cur- 
rent required at unity power factor is approximately 
114% to 1, and about 2 to 1 at .8 power factor. This 
means a range in exciting voltage of about 2% to 1 
at .8 power factor, and in more exceptional cases, the 
range in exciting voltage may reach 3 to 1. As pointed 
out by C. A. Boddie and F. L. Moon in a paper pre- 
sented before the A.I.E.E. some years ago, an even 
greater range of exciter voltage than those here listed 
may be required by generators or synchronous condens- 
ers which have to supply charging currents to trans- 
mission lines at light load. Here a range in exciting 
voltage down to the residual voltage of the generator 
may be required. 


; METHOD oF Drivine EXcITERS 

Methods of drive have already been touched upon 
in our general discussion of exciter arrangement, in 
fact the type drive is largely dependent upon the type 
of system used. In the case of common excitation 
plants, a number of arrangements for driving the gen- 
erators are in common use. Unless there are reasons, 
such as speed considerations, for instance, which pre- 
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vent its use, the direct connection of the exciter to the 
main generator shaft is undoubtedly the most reliable 
and efficient. In small industrial plants where engines 
are used, belt-driven exciters are used to good advan- 
tage. 

In relatively large plants, perhaps the most common 
method used is to drive some of the exciters by motors 
through transformers from the main a.c. bus and 
some of them by steam turbines. In this case, even if 
trouble occurs on the main a.c. system, excitation will 
not necessarily be lost, sincé it can be supplied by the 
steam-driven units. 

Where house turbines are used to supply the aux- 
iliary electric energy, the steam driven units can be 
omitted and only motor-driven units provided. For 
motor-driven units, the induction motor is the most 
satisfactory and is to be preferred in almost every case. 
This type of motor is unusually rugged and is not 
affected materially by ordinary voltage disturbances on 
the main a.c. system. 

Synchronous motors have been used to drive excit- 
ers but their use, in most cases, introduces a certain 














SUSQUEHANNA STATION 


amount of hazard, as regards reliability. These motors 
are more likely to fall out of step, and having direct 
current fields, require one additional operation on the 
part of the operator when starting. It has an advan- 
tage, however, in not being affected by voltage fluctua- 
tions, and in cases where the normal voltage fluctuates 
as much as 25 per cent it may be desirable to install 
the synchronous motor. In central station practice, 
however, such voltage fluctuations are almost unknown 
and in none of the stations listed on page 55 are syn- 
chronous motor-driven exciters used. 

The dual type of drive, such as installed in the 
Susquehanna station may be used to good advantage 
since it renders the exciter system insensible to dis- 
turbances on the a.c. system. This system functions 
practically automatically without the installation of any 
automatic equipment not ordinarily used. If the ex- 
citers are being driven by the motors, loss of voltage 
with resultant reduction in speed permits the prime 
mover governors to function and transfers the drive to 
the prime mover. When voltage is restored to the mo- 
tors the increased speed automatically cuts out the 
prime mover. 





POWER 


Control of excitation depends upon a number of 
factors which in turn are dependent upon the condi- 
tions existing at any particular plant. Where the com- 
mon exciter bus is used, rheostats must be provided for 
both the exciter field and the main generator field. The 
rheostat in the exciter field is usually small in range 
and is used to maintain a predetermined and constant 
exciter bus voltage for good parallel operation of the 
exciters. The rheostat in the main generator field, on 
the other hand, must have a wide range of small steps, 
since it is used for controlling the voltage regulation 
of the main unit. Sometimes, the exciter field rheostat 
is adjusted to assist the main field rheostat in meeting 
the excitation requirements of a heavy load but as a 
rule such demands can be met by manipulation of the 
main field rheostat alone. In stations where the indi- 
vidual exciter scheme is employed, the excitation is con- 
trolled by means of the exciter field rheostat alone. As 
has been mentioned previously under ‘‘Voltage of Ex- 
citers’’ in such eases the exciter field should be designed 
liberally and the exciter rheostat made capable of ad- 
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justing the exciter terminal voltage throughout a wide 
range in order to meet conditions such as dropping of 
exciter voltage due to abnormal slowing down of the 
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main unit. With exciter field control a comparatively 
small rheostat performs the duty which would other- 
wise be required of a large and inefficient main rheostat. 

It is common practice, however, particularly in cases 
where standby excitation from a common bus is pro- 
vided to also install a main field rheostat for each unit, 
which normally is inoperative. Only in emergency 
when normal excitation is shut off and excitation taken 
from the standby source, is this main field rheostat 
brought into action. . 

In large central stations where load fluctuations oc- 
eur at a comparatively slow rate, these rheostats are 
regulated in a satisfactory manner by hand by the 
station operators. Where the load on the system fluc- 
tuates rapidly, however, automatic operation of the 
main field rheostat is desirable and in modern stations 
such automatic control is usually provided as described 
under Voltage Control in the preceding article. 


Progress in Generator Cooling 


THE CLOSED SysTEM OF CooLING USED AT PRESENT 
May LEAD T0 THE USE OF AN INERT GaAs FoR COOLING 


UE TO increase in capacities of turbo-generators, 
the problem of dissipating the heat developed by 
electrical losses in the generator, which vary from 3 per 
cent to 8 per cent of the total power, has become serious. 
Practically all recently-installed, large power sta- 
tions are using the closed system of generator cooling, 


with air as the direct cooling medium and water as the 
source of cooling; but developments are leading toward 
the adoption of an inert gas in preference to air. By 
this means, danger of fire is avoided because combustion 
would not be supported by the cooling medium. 
Coolers of the surface type are mostly used, al- 











































































































GOOLING AIR COOLER TEMP DEG F HEAT 
PLANT. |SYSTEM| SOURCE OF | voL. cu. FT. SURFACE |_AIR__|WATER 
5 COOLING PER. MIN. | TYPE S@QR. FT. IN [OUT] IN | OUT RECLAIMED FIRE PROTECTION 
CONDENSATE & 
COLUMBIA | CLOSED | CONDENSAT SURFACE 3 | 90 
FIN TUBES & 
CRAWFORD] CLOSED TUS. SURFACE NO 
CONDENSATE & FIN 
PHILO GLOSED |¢eouno water | 999099 | surrace 
TRENTON FIN TUBE 
TRENTON | cLoseD | RIVER WATER eee 104 |as 
RIGHMOND | CLOSED | CONDENSATE | 1/0 000 pik all 
U FIN 1- 18240 
KEARNY CLOSED | SALT WATER | 90 000 SURFACE 1-22800 as 
HIGH PRESSURE STEAM JETS IN EWD BELLS 
AVON CLOSED | CONDENSATE sonnace. | 15000 65 | OF THE GENERATORS 
SOMERSET | CLOSED | RIVER WATER sunrace | 12720 |02 |82 |66 |es No 
FI 150 SQR. FT. PERFORATED SPRAY PIPES IN GENERATOR ENO) 
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AIR PREHEATERS RECLAIM 
SEAL BEACH | CLOSED |GMPENSATE ® 26300 7 HEAT PROM FLUE GASES 
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BIG SIOUX | CLOSED | COMPENSATE an. | 5750 \135| 45 
weosno (Fae joan 50000 Yes 
RADIATOR 
DRESSER | CLOSED |RIVERWATER avan¥ 
EDGEWATER| CLOSED SPRAY STEAM JET 
BARBADOES | CLOSED 75000 | SPRAY 
PINE GROVE| CLOSED |SPRAY POND | 35000 | SPRAY | 35000 
BETTENDORF | CLOSED 
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though some recent installations have given preference 
to the spray type of cooler. The surface-type coolers 
are usually fitted with radiating fins which, in a few 
cases, as shown in the table, are of tubular construction. 


Cooling air should be clean as well as cool, since 
dirt eventually clogs up air passages, causing over- 
heating of coils. Air filters have, therefore, been em- 
ployed for this purpose but the tendency appears to 
be toward larger use of spray washers in a number of 
recent power plant installations. It has been found 
that spray washers are more satisfactory in removing 
dirt and heat than cloth filters. 

For the most part, condensate is used for cooling 
the air but, where raw water is available from lake or 
river sources, it is employed for this purpose. In many 
instances, where no large fresh water supply is avail- 
able, as when the plant is located adjacent to the sea, 
power plant operators are using salt water, at least as 
make-up water, in the cooling system. Under these 
conditions, the practice is to use condensate as the 
principal cooling source and recirculate it, adding salt 
water as required. 

Practice indicates temperatures of outgoing air of 
from 90 to 100 deg. F., the drop in temperature due to 
the cooling process being about 40 deg. F. The quan- 
tity and temperature range of the cooling water varies 
according to the available temperature of the intake 
water. 

Some operators pipe the discharged hot air from 
the turbo-generator to the suction of the draft fans, 
thus utilizing the waste heat but the value of this heat 
is not as great as may be expected, amounting to only 
about 5 per cent. With the employment of air pre- 
heaters, which are rapidly coming into use, this saving 
practically disappears. 


Fire PROTECTION 


Use of increasingly large capacity turbo-generators 
has led to greater danger of fire. The only inflammable 
part of a modern generator is the insulation but, in 
case of fire due to electrical losses, this insulation is 
rapidly consumed. Observation of such conditions indi- 
cates that, within a few seconds after starting, the 
flames have swept entirely around the circumference 
of the generator and, within one minute after such 
fires have started, the iron shields covering the projec- 
tions of the armature windings become white hot. 

It is evident, therefore, that precautions should be 
taken to prevent the starting of flame rather than for 
putting it out after it has started. Development toward 
this end leads first, toward the perfection of insulating 
materials, with perhaps the development of an incom- 
bustible insulation, and the use of inert gases such as 
carbon dioxide, carbon tetrachloride and hydrogen as 
cooling mediums. Several installations have either al- 
ready adopted CO, for cooling as well as fire preven- 
tion or have provided for its later use. So far as is 
known, hydrogen has not yet been commercially em- 
ployed for this purpose. 

Carbon dioxide in liquid form has recently been 
employed as the extinguishing medium. The advan- 
tage claimed over gaseous carbon dioxide is that the 
former avoids the objectionable possibility of freezing. 
It is a nonconductor of electricity, nonpoisonous and 








noninjurious substance and creates no objectionable 
residue that must necessarily be cleaned up. 


Fire Detection METHODS 


In order to have some way of indicating danger by 
fire before it has actually occurred, means have been 
developed to indicate rising temperatures in various 
parts of the winding. Some of these devices operate 
electrically, using inserted fuse wires; one functions by 
means of a vapor tension thermometer, another device 
that has been proposed is based upon the detection of 
smoke by means of a photo-electric cell. 

In closed systems, which are now generally used, 
fire could be checked when the oxygen contained in the 
closed ventilating system is consumed as combustion 
would no longer be supported but, by this time, con- 
siderable damage would have resulted. Such method 
cannot, therefore, be properly classed as fire prevention. 

















BROTHERHOOD OF LOCOMOTIVE ENGINEERS BUILDING 


Sprinkler heads which are located in different parts of 
the winding are used. This device acts as a means of 
detection of temperature rise as well as of extinguish- 
ment. Fire baffles are also used to direct the air cur- 
rents radially through the generator winding in order 
to suppress the circumferential component of the move- 
ment and hence the spread of destruction. 

Steam is used in some plants, as indicated in the 
table, for fire checking purposes. The same objection 
raised regarding sole dependence upon the closed prin- 
ciple for checking fires as stated in the preceding para- 
graph applies here with the added objection of. greater 
resultant mess. Success in fire prevention seems to lead, 
on the whole, toward the use of inert gas. 
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Features of the Generator Connection 


THERE Is A GROWING TENDENCY TO CONNECT THE GENERATOR 


DIRECTLY TO THE 


HILE THE PRACTICE of connecting the main 

generators directly to a main station bus through 
oil circuit breakers is still quite general, there seems to 
be a growing tendency to avoid the use of a low tension 
main bus and to connect the generators directly to the 
primary windings of step up transformers. This latter 
arrangement eliminates the complexity of the low ten- 
sion bus structure and, particularly in stations where 
practically the entire output is to be transmitted to dis- 
tant points at high voltage seems to be highly satisfac- 
tory from both an operating and initial standpoint. 

Where a large number of high capacity feeders 
leave the station, however, at various voltages, this 
scheme cannot be adopted and a low voltage bus must 
be installed and, as can he seen from the accompanying 
table, this arrangement is used in most of the stations 
listed. The actual wiring arrangement, however, differs 
in each station. 

At Crawford Avenue, for instance, the current from 
the main generator passes through reactors in each lead, 
through oil circuit breakers to either or both of two 
main buses. The oil circuit breakers used are the Gen- 
eral Electric, hydraulically operated type having ratings 
of 4000 amp. As in all of the other stations listed, con- 
trol of the switches is effected from the main operating 
gallery. The two sections of the main bus are normally 
operated in parallel, but in the event of trouble on 
either section of the system, the two sections are auto- 
matically cut apart, thus isolating the defective section. 

The arrangement at Philo is entirely different. Here, 
as at the Twin Branch station, there is no high-tension 
bus system in the station itself. Current generated at 


11,000 v. passes directly to the outside of the station to 
transformers, which raise the voltage to 132,000 v. and 
the power then goes to the high tension switching sta- 
tion. Control of the 132,000 v. switches is from the 
main control room in the station. There is no parallel- 
ing of machines on the 11,000 v. side except for syn- 
chronizing. 


PRIMARY OF Step-Up TRANSFORMERS 


At Trenton Channel a similar arrangement exists. 
Current produced at 12,000 v. goes direct to step up 
transformers, where the potential is raised to 132,000 v. 
The secondaries of these transformers are connected 
through oil circuit breakers to duplicate 132,000 v. 
busses. 

At Richmond main busses are provided in the sta- 
tion. Main generator leads connect to 5 per cent reac- 
tors and then through oil circuit breakers to duplicate 
13,200-v. busses. 

An interesting electrical system is that installed at 
Kearny. Here, segregation of equipment has been de- 
veloped to a high degree. Normally, the generators 
feed directly to their respective transformer banks and 
operate in synchronism through the group-tie and main 
tie busses, both of which are installed in duplicate. 
Any generator can, however, be connected to any bank 
of transformers by means of the trarisfer bus. The op- 
eration of groups of three and two units respectively, 
as separate stations and, if need be, at different volt- 
ages, is permitted by sectionalizing oil circuit breakers 
in the group-tie bus.. This breaker is normally open 
and the two sections of the bus tied together by means 
of the main tie bus, thereby adding a reactance of 
4 per cent at 2000 amp. in each connection to 7 per 
cent at 1200 amp., provided between each generator bus 
and the group tie-bus. 

Avon station, as indicated in the table, has an ar- 
rangement in which the current passes from the gen- 
erator through reactors, and oil circuit breakers to the 
main bus. Synchronizing is done on a separate syn- 
chronizing bus, as shown in the diagram. 

At both the Long Beach and Seal Beach stations in 
California, the generator leads connect direct to step 
up transformers, which in turn feed into duplicate high 
tension busses. 

Susquehanna, Cahokia, Waukegan and Dresser sta- 
tions all have main busses at generator voltage, while 
at Hales Bar, Big Sioux, Neosho and Pine Grove the 
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generators connect directly to step up transformers. 
At Valmont the generators connect. through oil circuit 
breakers to a 13,000-v. synchronizing bus, from which 


































































































































































































63 


the current goes to step up transformers and oil cir- 
cuit breakers to a 90,000-v. bus. 
are no low-tension breakers between the generators and 


At Pine Grove there 
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outdoor transformers, all synchronizing being done on 
the high-tension side. 


SWITCHING 

High voltage switching in all large stations today is 
accomplished by means of oil circuit breakers. The 
type of switch used varies considerably, however, each 
station apparently selecting a switch which seems best 
suited to their particular requirements. All switches 
used are automatic in operation and are remote con- 
trolled from the main control room. 

Most oil circuit breakers are electrically operated, 
either by motor through suitable bearing and linkage 
or by use of the solenoid. The solenoid-operated 
breaker on large switches is likely to require large cur- 
rents for its operation but, otherwise, one type operates 
as satisfactorily as the other. 

During recent years the hydraulically-operated type 
of switch has been developed. This switch, which is 
used at Crawford Avenue, is also equipped with discon- 
necting switches which may be operated automatically 
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by the switch mechanism or operated manually from 
the mechanism floor. The mechanism is spring oper- 
ated, the spring being compressed by oil under a pres- 
sure of about 450 lb. per sq. in. furnished by gear 
pumps. 

In operating this type of circuit breaker, the charg- 
ing switch button is first pulled. This starts the hy- 
draulic pump and opens a solenoid-operated valve on 
the mechanism and, when the spring is fully compressed 
the pump is shut down by a pressure governor. A sig- 
nal lamp on the control board then lights, notifying the 
operator that the closing button may be pulled. The 
operation of the closing button releases the spring per- 
mitting the stored energy in it to close or open the 
switch. 

Because of the high voltages employed and the tre- 
mendous amounts of energy stored in the system, it has 
become almost universal practice to install the oil 
switches in cells or compartments, separating each 
phase. The switches themselves are made with external 
contact arrangements which permit their easy removal 
or placement in the cells. In a number of installations 
the compartment doors are so interlocked with the dis- 
connecting switch mechanism that they cannot be 
opened or removed when the oil switch is alive. 

In order to protect the generator from damage due 
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to external disturbances or to protect the system from 
serious disturbance due to failure of one generator, it 
has become the practice to provide means whereby, in 
case of trouble, the generator is automatically discon- 
nected from the system, or whereby the current inter- 
change between the machine and the system is limited 
to a safe maximum value. According to present-day 
practice apparatus is only provided to disconnect the 
generator in case of internal failure. Relays are not 
usually provided to open the breakers in case of over- 
current or excessive temperature. It is important, how- 


ever, to keep the operators informed as to the over- 


current and temperature conditions of the machines but 
this is usually done by providing an audible or visible 
signaling device. 

In the case of the generator, two kinds of failure 
are, as a rule, considered: first, loss of field or failure 
of the field winding and, second, failure in the arma- 
ture or station windings. In large machines protection 
of the field is hardly justified because with the low volt- 
ages employed on the field failure rarely occurs. Fur- 
thermore, schemes for the protection of the field are 
somewhat complicated. 

Protection against failure in the armature is ex- 
ceedingly important, however, and as may be noted 
from the accompanying tabulation nearly all stations 
have some means provided for doing this. Failures of 
this type can be classified under four general headings. 
(1) Phase to phase short circuits. (2) Short-cireuited 
turns. (3) Open circuits. (4) Grounds. 

Since faults in generators usually start as grounds 
from phase windings to the frame, it is highly desirable 
to disconnect the generator from the line, the instant 
the ground occurs, that is, before a phase to phase short 
circuit can occur. This is accomplished by grounding 
the neutral and providing suitable relays, which will 
function when the ground occurs. If the neutral is not 
grounded a fault of this sort will not unbalance the 
phase current and it is difficult, therefore, to locate it 
until it has developed into a phase to phase short 
circuit. 

At the present time there is no idéal or simple 
scheme for the protection against all classes of trouble 
until the fault has developed into an actual phase to 
phase short circuit, but by going to a more complicated 
scheme or by a combination of several schemes adequate 
protection is secured against each class of fault. 


Several schemes for generator protection are avail- 
able. These may be classified roughly into differential 
and directional schemes, according to the principle of 
operation. Differential schemes include all schemes in 
which currents, however large, flowing in their proper 
paths, are balanced against each other so as to have 
no effect on the protective relays, whereas any current 
diverted from its proper path as the result of an in- 
ternal fault operates the relays. This principle of oper- 
ation allows relatively sensitive settings, since normally 
no current flows in the relays; however, much may be 
passing through the machine. 

There are four systems in use which involve this 
principle, (1) the simple differential scheme, (2) self- 
balanced schemes, (3) combination split conductor and 
differential scheme, and (4) the mid-point scheme. 

The differential scheme is the most common form of 
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generator protection and is widely used. As can be 
seen from the table, practically all stations on which 
information was available employ some form of differ- 
ential protection. 

In applying the simple differential scheme of pro- 
tection to generators both ends of each phase winding 
are brought out of the machine and current transform- 
ers installed on each end. A relay operates to close its 
contacts whenever the current becomes unbalanced in 
the two corresponding current transformers. 


Transformer Developments 


PREVAILING TYPES, CONNECTION AND TaP 
CHANGING ARRANGEMENTS ARE DISCUSSED 
AND OIL SLUDGING AND TRANSFORMER 
- CooLInG DEVELOPMENTS PoINTED OvT 


RANSFORMER TYPES have not changed radi- 

cally during the past 2 yr. The core type, be- 
cause its construction offers a maximum resistance to 
mechanical distorting forces, is usually selected for the 
larger loads such as for distribution, while the shell 
type is usually used for power plant service work. An- 
other reason for the selection of the core type for heavy 
service is that it can be more readily insulated for the 
highest voltages now in use. 


CONNECTION AND TaP CHANGING ARRANGEMENTS 

The Delta-Y arrangement appears to be the most 
used on the main units. A new development in trans- 
former operation is the adoption of tap changes or 
ratio adjusters. By the use of this device the trans- 
former is better enabled to meet the needs of rapidly 
growing systems such as obtain in most present-day 
central stations. A tap changer has been developed 
which can be operated when the transformer is loaded 
and its ratio varied at will. No switching is done in 
the main transformer bank and no current is made or 
broken by the dial switches. 

The control mechanism is so designed and inter- 
locked that it will operate the breakers and move the 
dial switches in either direction in the proper sequence 
and will stop before moving a dial switch, if either of 
the breakers fails to operate when it should’ or if the 
last tap has been reached. The breakers are also inter- 
locked mechanically, so that neither can open, if the 
other is open. Locating the taps in the middle of the 
windings instead of at the end permits not only of 
protecting the taps from line surges, to which the ends 
of the windings are frequently subjected, but also makes 
possible maintaining the winding in a balanced con- 
dition. Removal of taps from the end of the winding 
also simplifies the matter of insulating the end turns. 


DirFicuLtTies Due To Om SLUDGE 

Oil sludge in open-type transformers has greatly 
increased in amount in recent years due to the higher 
operating temperatures, longer and heavier load periods 
and in some cases to overexcitation. The formation of 
oil sludge impedes cooling and tends to cause insula- 
tion breakdown. Where means are taken to prevent the 
oxidizing reaction of the oil by sealing against air con- 
tact or by the use of low operating temperatures and 
normal excitation, no appreciable amount of sludge will 
form. To overcome this trouble in the open type of 
transformer, operating under temperatures permissible 








under present standards or overexcited, the only way 
to avoid sludging appears to be the improvement of the 
quality of the oil or a change in the method of cool- 
ing the oil so as to lower the temperature. 

Location outdoors of main transformer is increas- 
ingly popular in this country as will be seen by refer- 
ence to the above table. 


Cootine MerHops 


Insulating materials deteriorate and iron loses its 
strength when exposed to high temperatures for ex- 
tended periods. With constant magnetic and current 
density, the rating of a transformer increases with the 
fourth power of the linear dimensions; the weight and 
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losses with the third power; and the radiating surface 
with the second power. It will be seen, therefore, that 
a limit is soon reached beyond which natural ventila- 
tion is inadequate. Forced ventilation by air blast may 
then suffice but oil immersion is more effective and 
serves to insulate as well as cool the transformer. 

Corrugated steel tanks are universally used for self- 
cooled transformers of moderate sizes, while larger units 
use steel plate tanks with external fins, tubes or spe- 
cially-designed radiators. 

Water-cooled transformers are cheaper than self- 
cooled units but require considerably more equipment 
in the nature of piping; moreover the cost of the water 
for cooling adds to its initial, as well as operating, ex- 
pense. If a large supply of water is not available for 
this purpose, methods of cooling such as cooling ponds 
or towers must be provided. 

Most of the plants investigated, as indicated in the 
table above, use the water-cooled transformers. 

As the cost, of air-blast transformers including in- 
stallation, is usually greater than for self-controlled, 
their use is practically confined to localities where the 
presence of a large quantity of oil is objectionable. 

Where oil is used in transformers care must be taken 
to keep it dry, since the smallest trace of moisture tends 
to destroy the insulating value. Thermal and chemical 
drying processes are used for this purpose. Special 
multiple filters with absorbent screens give satisfactory 
results. 
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Arrangement of Busses 


Use or Isonatep PHAse System, INTERLOCKS AND 
High VoutTace SwitcHING ARE PRINCIPAL FEATURES 


RRANGEMENT OF BUSSES in the electrical 
system of the modern power plant must, of course, 
be worked out to suit the requirements of each plant 
but the significant development of the past few years 
seems to be the employment of the isolated phase sys- 


Long Beach has a duplicate sectionalized bus system 
at 72 kv., on which all the switching is done at this 
voltage, while Seal Beach uses 110-kv. switching equip- 
ment on the high-tension side. 

Of particular interest in the switching arrangements 
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tem for indoor work and the use of the outdoor sub- 
station, which will be treated elsewhere. 

Of the plants listed on the accompanying table it 
will be noted that such plants as Columbia, Crawford, 
Richmond, Kearny, Avon, Narragansett and Cahokia 
use this system, modified, of course, to suit their indi- 
vidual needs. -In some eases, as at Columbia, the sys- 
tem is of the double bus type equipped for dual 
switching. 

Some of the stations, like Philo, do practically all 
of the switching on the high-tension side of the trans- 
formers, the switching being done in the outdoor sub- 
station by remote control from the board in the plant. 








are the hydraulically-operated oil circuit breakers used 
at Crawford Avenue, Fig. 1, and breakers of high 
capacity used at some of the other stations. The 
132-kv. breakers at Trenton Channel are rated at 
1,500,000 kv-a. capacity and breakers for the new unit 
at Narragansett have the same rating. The circuit 
breakers at Cahokia on the generators and tie lines are 
motor-operated. 

Another arrangement that has been coming into use 
is the placing of interlocks, often mechanical, on cir- 
cuit breakers and disconnecting switches and on the 
compartment doors in switch houses to insure proper 
sequence of operation. These interlocks function in 
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such a way that compartment doors cannot be opened 
unless the circuit breakers are also opened, while the 
circuit breakers and disconnecting switches are inter- 
locked in such a way that no circuit is made or broken 
through the disconnect, that is, it cannot be opened 
until after the breaker is opened and must be closed 
before the breaker is closed. This is the arrangement 
used at such plants as Columbia, Richmond, Avon, Ed- 
gar and others. 


Disconnects are of various types, depending on the 
original design of the electrical system. At Columbia 
15,000-v., remote, hand-operated disconnects are used. 
At Richmond these disconnects are of the 3 and 6-pole 
type, gang-operated. Long Beach uses the single-pole 
type of stick-operated disconnects, while Seal Beach 
uses 110-kv., gang-operated disconnects. 

Figure 2 shows a single line diagram of the switch- 
ing used at Big Sioux station. Here the generators 
send power at 6600 v. to two banks of 12,500-kv-a. trans- 
formers with delta-connected primaries and Y-connected 
secondaries. These transformers are connected to the 
tie busses between the two main busses, which, in turn, 
are sectionalized and interconnected by proper circuit 
breakers and switches to feed the outgoing circuits. 
Station service is obtained from one of the tie busses 
through a bank of 33,000-v. to 550-v. transformers. 

Safety devices consist usually of reactors between 
units in the main bus and on the various feeders. 


AUXILIARY SUPPLY 


The varied conditions at these plants make neces- 
sary varied arrangement of the auxiliary bus. At 
Philo, for example, auxiliary service is obtained from 
a bank of transformers directly connected to the gen- 
erator leads. At Trenton Channel two separate auxil- 
iary systems are used, one for d.c. and one for a.e. 
The electrical equipment in the pulverized coal prep- 
aration house is driven by a.c. motors to eliminate the 
disadvantages and dangers of commutators, while many 
of the other auxiliaries in the plant are driven by d.c. 
motors. The supply for both types is provided by sep- 
arate steam-driven, a.c. and d.c. generators. At Somer- 
set station power for starting the auxiliaries is taken 
from the station service bus with a throw-over to the 
auxiliary bus after operation has begun. The same 
arrangement is used at Barbadoes Island station, where 
a separate 1100-v. starting bus is provided for the 
auxiliaries. 

At the Iron Mountain plant an interesting bus ar- 
rangement is used made necessary by the unusual dis- 





FIG. 1. HYDRAULICALLY OPERATED SWITCH MECHANISM 
AT CRAWFORD 
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FIG. 2. SINGLE LINE DIAGRAM OF BUS ARRANGEMENTS AT 
BIG SIOUX 


tribution of equipment in the plant. The power gener- 
ated is a.c. but, since most of the motors in the indus- 
trial departments are d.c., various substations are 
located about the plant containing motor generator sets. 
These serve not only to provide flexibility of drive for 
the motors but, since the motor of the motor generator 
set is a synchronous motor, considerable control over 
power factor is obtained. A ring bus system for the 
excitation of these synchronous motors is provided, 
which can be used in the main power house, if neces- 
sary, while a separate steam turbine driven exciter is 
also provided for normal operation. 
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Mechanical Engineers Discuss Power Problems 


Power Furets AND Heat TRANSMISSION DISCUSSED AT THE ANNUAL 


MEETING OF THE A.S.M.E. IN 


HIEF AMONG the topics at those sessions of the 
Society in which power problems were discussed 
were Smoke Abatement, Heat Transmission, By-Product 
Processing of Coal and Central Station Power. In ad- 
dition there were several reports of committees and the 
presentation of results of research committees including 
those on steam tables and on boiler feed water. 
Several of the papers presented, of importance to 
power plant operators, will be abstracted at length in 
subsequent issues. 


INDUSTRIAL POWER 


At the Industrial Power session, Tuesday morning, 
A. E. White and C. L. Clark submitted preliminary 
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results of tests on 0.13 carbon steel boiler tubing under 
temperatures of 900, 1000, 1250 and 1500 deg. F. H. J. 
French, of U. S. Bureau of Standards, said that the 
authors did not demonstrate the absence of relation be- 
tween load-carrying ability and accurately determined 
proportional limits; also that ‘‘ereep occurs at stresses 
above the proportional limit but not at stresses well 
below, provided always the proportional limit is deter- 
mined with suitably sensitive equipment.’’ 

Relation of Stokers to Boilers, a paper presented’ 
by Professor W. A. Shoudy, of Columbia University, 
pointed out steps in the development of boiler furnaces, 
heating surfaces and their effects on efficiency and indi- 
eated difficulties encountered at high rating with reme- 
dies to overcome them; also that operating difficulties 
almost never occur at low combustion rates, the rate at 
which trouble begins being generally determined by the 
impurities in the coal. Before the type of stoker can 
be selected, the character of the coal including relative 
ease of ignition, per cent of ash content and fusion 
temperature of the ash, must be known. 

Selection of the correct combination of stoker and 


New York, DrecEMBER 6 TO 9 


boiler should be based upon comparisons of operations 
at certain per cents of rating. Selection should be made 
along the following lines: 
1. Determine the number of boilers that the vari- 
ations in load and local conditions demand. 
2. Select a grate surface of sufficient size to permit 
of conservative combustion rates. 
3. Determine the rate of evaporation that feed water 
conditions will permit. 
4. Select the most efficient heating surface that draft, 
coal costs and fixed charges permit. 


J. S. Bennett, Assistant Engineer, American Engi- 
neering Co., Philadelphia, said that low grade western 
coals have been burned on dump type underfeed stokers 
for many years with great success but the substitution 
of more modern underfeed dump stokers for older ones 
of the same type has shown a marked improvement in 
the operating results. If anything, higher fuel burn- 
ing rates can be maintained successfully with the low 
grade western coals than with the better grades of east- 
ern coals. 


FuRNACE VOLUME AND RADIANT HEAT 


Howard E. Bacon, Westinghouse Electric & Mfg. 
Co., stated that there should be joint selection of the 
fuel burning equipment and the boiler, together with 
other apparatus involved by the plant heat cycle. Con- 
trary to general belief, it is possible to set a boiler too 
high. The setting height should be determined, not by 
furnace volume, but from a study of the burning char- 
acteristics of the fuel with particular reference to the 
flame length. Radiant heat forms a large proportion 
of the boiler heat absorption and its rate varies as the 
square of the distance between the surface and the 
source. The boiler should be placed, therefore, as close 
to the stoker as is consistent with the maximum flame 
length of the fuel used. Failure of high boiler settings 
is due primarily to excessive temperatures arising from 
inter-wall radiation before gases reach the tube surfaces. 

Mr. Bacon then indicated that, by slanting the fur- 
nace walls more, heat rays are reflected onto the tube 
surface, thus explaining the effectiveness of an inclined 
bridge wall in lowering furnace temperatures below the 
critical point for excessive slag and clinker formation. 

Stress was laid on the fact that the former idea 
that preheated air introduced under stokers would give 
considerable trouble in forming clinker is unfounded. 
The exact opposite has been experienced. 

R. S. Bayntun of West Point, Va., stressed the point 
that, in raising the height, we decrease the area of tubes 
exposed to radiant heat and he felt that as much area 
should be exposed to radiant heat as possible. With 
preheated air, the height of furnace could be lowered 
3 or 4 ft. 

William H. Jacobi of the Springfield Boiler Co. 
added that it is pleasing to note that we are gradually 
coming to designate boiler capacity in terms of pounds 
of steam produced or of water evaporated. The next 
step should bring us a suitable ‘‘unit of evaporation’’ 
which will encompass all the conditions leading to a 
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comprehensive and profitable boiler operation. He 
spoke of the general impression that the capacity of a 
boiler bears a direct ratio to the available heating sur- 
face as erroneous. 

Mr. Jacobi emphasized the fact that the functioning 
of both stoker and furnace is intimately related to the 
necessary air and gas flow, therefore we must include 
the draft equipment in our consideration. The value 
of draft regulation and gas flow with relation to the 
nature of fuels and boiler loading seems not to be ap- 
preciated. He also deprecated judging furnace per- 
formance entirely on production of CO,. High pro- 
duction of CO, means combustion with limited air, but 
such combustion does not exist uniformly over the en- 
tire fuel bed and, in consequence, neither the quality 
nor the flow of the gases is uniform, with the result that 
losses are incurred which can not be justified by the- 
oretical considerations. Again, combustion with limited 
air means high-temperature fires, which facilitate high 
combustion rates, hence add to wear and tear of the 
furnace. High combustion rates mean the possible use 
of small stokers, regardless of the nature of the fuel 
and here is where the error lies. Stokers are sold on 
the basis of their ability to burn completely large 
amounts of coal regardless of the consequences to the 
furnace and the functions of the boilers above. The 
CO, indication, if used, should be considered along with 
a greater effort in learning to make and maintain useful 
fires. 

High percentages of CO, may indicate waste, as re- 
vealed by the ash when operating boilers at high ratings 
with stokers forced to their utmost. It is better to use 
moderate rates of combustion. 


SMOKE ABATEMENT 

Smoke Abatement was the topic of the Fuels Division 

meeting held on Tuesday afternoon, covered by three 
papers. 

Dr. William C. White, pathologist, U. S. Public 
Health Service, addressed the group on Effect of Smoke 
on Health. While he was assured of the baneful influ- 
ence of smoke on health, Dr. White pointed out that 
data was lacking on the exact nature and extent of the 
influence of smoke on health and proposed a plan for 
co-operative research by the City of Pittsburgh and cor- 
related agencies to determine definitely the effect of 
smoke on health. 

Smoke Abatement, Its Effect and Its Limitations was 
presented by H, B. Meller, Chief of the Bureau of 
Smoke Regulation, Pittsburgh, Pa., enumerated advan- 
tages accruing to manufacturers and the public from 
smoke abatement. He held that effort should be to regu- 
late plants so that the natural fuel for any district may 
be used without resultant violations. Ordinance inter- 
pretation of smokelessness is based upon draft, combus- 
tion space and secondary air. In proportioning stacks, 
it is necessary to know the normal output of the boiler, 
the fuel required to secure that output and the draft 
loss from the ashpit to the stack. For proper combus- 
tion in the furnace, sufficient combustion space and a 
proper proportion and time of admission of secondary 
air are necessary. 

In the discussion of these papers Wm. G. Christy, 
executive secretary Citizen’s Smoke Abatement League 
of St. Louis, spoke of the necessity of arousing public 








opinion on the subject, as the efforts of leaders in social, 
professional and commercial circles should be co-ordi- 
nated and directed along fundamentally sound lines. 

H. W. Clark of Salt Lake City said the successful 
smoke abatement department is one which has one or 
more competent technical engineers, capable of analyz- 
ing the plant owner’s problem, advising changes to be 
made and showing the owner how he can soon save the 
cost of the required alterations by reduced cost of oper- 
ating his plant. 


Suppiy oF SUPPLEMENTARY AIR, IMPORTANT 


J. F. Barkley, fuel engineer, U. S. Bureau of Mines, 
pointed out that the amount of air that should be ad- 
mitted by special arrangement over the fire was not in 
constant ratio to the entire air used but varied consid- 
erably according to the condition of the fire, the furnace 
and the method of application. He also said that, while 
only a slight reduction in the percentage of volatile 
matter in coal made a large difference in the amount of 
smoke made, coals of the same volatile content acted 
quite differently in this respect. 

Andrew A. Bato emphasized the advantages of a 
compulsory course in firing for fireman and cited courses 
of this kind given under the Prussian Department of 
Commerce and Industry, graduation in which is re- 
quired before a fireman may obtain a license. 

Professor A. G. Christie suggested that, since each 
small plant cannot employ a combustion expert, it 
would seem a logical step for groups of small plant 
owners to combine and employ an expert for the group. 
Such a man could not only increase ‘the efficiency of 
combustion but could save much by purchasing heat 
units in larger quantity, hence at less cost for the group. 

H. W. Clark, speaking of savings made by reduction 
of smoke, stated that smoke abatement is going to cost 
much more than has been realized but that any neces- 
sary expense will be worth while. 

Heat Transmission was discused at a Joint Session 
with the American Society of Refrigerating Engineers, 
the program being arranged by the Committee on Heat 
Transmission of the National Research Council. Ab- 
stracts of papers will be given in later issues. 

In a paper on Measurement of Static Pressure by 
Carl J. Fechheimer, Westinghouse Elec. & Mfg. Co., the 
author described a new instrument for measuring static 
pressures in air-flow determinations. Made in the form 
of concentric brass tubes, the outer of which is 14 in. in 
diameter, the instrument is easily introduced into air 
ducts through small openings, such as bolt holes. Pres- 
sure is communicated to manometers through two holes, 
one to the inner tube and the other to the concentric 
space between the tubes, about 78.5 deg. apart. The 
instrument is held perpendicular to the flow in such a 
manner that the direction of flow bisects the angle be- 
tween the axes of the holes. In this position, which can 
be determined by balancing the pressures on one manom- 
eter, the reading on 4 second manometer gives the static 
pressure. The instrument has less error in turbulent 

flow than other types. 

In the Robert Henry Thurston Jecture, delivered 
Tuesday afternoon by Dr. Cecil Howard Lander, di- 
rector, Fuels Research, Department of Scientific and 
Industrial Research, London, England. Coal Utilization 
was discussed covering preparation for the market, low 
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temperature carbonization, high temperature methods, 
pulverized coal, and production of oil from coal. Dr. 
Lander stated that conditions governing the efficient 
combustion of fuel are now well understood and, if 
proper control is effected, the thermal loss in unburned 
products need be only inconsiderable, with solid, liquid 
or gaseous fuel. The real problem in furnace work is 
successful application of the heat generated to the pur- 
poses in hand. This involves an understanding of the 
principles underlying heat transfer and the effective 


utilization of the sensible heat of the flue gases for pre- . 


heating either fuel or the air for combustion. 


By-Propuct PRocEssING OF COAL 

At the second session of the Fuels Division discuss- 
ing By-Product Processing of Coal, A. C. Fieldner dealt 
with the fundamental principles involved in low tem- 
perature carbonization and discussed the present status 
of representative types of processes, showing that, at 
this time, the merits of low-temperature carbonization 
in this country are quite uncertain. 

Professor A. G. Christie stated that liquid fuels 
must be secondary by-products in coal distillation be- 
cause of our vast crude oil resources and that, since it 
will be difficult to induce the buyer to pay higher prices 
for a smokeless fuel than he now pays for bituminous, 
the market for semi-coke will be in those parts of the 
country where anthracite is now used. He also pointed 
out that the lower priced, high-volatile coals will show 
the greater economic yields from low-temperature dis- 
tillation. 

J. A. Perry told of the advantages to be gained by 
utilizing slack and low grade fuels in inclined rotary 
types of low temperature carbonizing -plants, also 
pointed out the process of blending cheap fuels available 
in England for low temperature carbonization with other 
coals to produce a good, hard and dense coke. 

R. S. McBride described three methods of complete 
gasification of bituminous coal: 1. By means of a car- 
bonizing plant making coal gas and coke together with 
either producers or flue gas sets of both for gasifying 
the coke. 2. By the use of lump bituminous coal in a 
producer or a water gas set. 3. By use of lump or pos- 
sibly slack coal in a special type of complete gasification 
apparatus, supposedly producing a somewhat better or 
higher grade of gas at perhaps a somewhat higher trans- 
formation efficiency than can be obtained by the use of 
lump bituminous coal in a modified water gas set. 

J. A. Perry took issue with the statement that ‘‘com- 
plete gasification of all the coke would, however, pro- 
duce a mixture of oven gas blue water gas rather too 
lean to permit of economic supply’’ and submitted some 
operation costs to support his objection. 

T. B. J. Merkt of the Brooklyn Union Gas Co., speak- 
ing of gaseous fuel in steam raising in industrial plants, 
said the number of gas-fired steam boilers in use in 
various industries, such as clothing and chemical, runs 
well into the tens of thousands and in individual capac- 
ities up to 30 hoiler horsepower. 

K. M. Simpson of New York pointed out that char 
made an excellent fuel for pulverizing since all moisture, 
‘‘water of constitution’’ as well as surface moisture, has 
been removed by the process of preparation. He also 
stated that while the corrosion of iron and steel may be 
due to sulphur content in coal, no corrosive action takes 
place, if no moisture is present in the coal. 
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One of the papers presented at the General Topic 
Session dealt with Stresses and Deflections on Large 
Dynamo Frames due to Dead Load and was read by M. 
Stone of the Westinghouse Electric & Mfg. Co. Because 
of the continued tendency to enlarge the sizes of elec- 
trical rotating machinery and, necessarily, the dynamo 
frames themselves, some thought has been given to the 
mechanics involved. This paper gave the result of an 
investigation made by the Westinghouse Electric & Mfg. 
Co. 

Two assumptions are made as to frame supports, 
namely: that they are either simply supported, or built- 
in. The actual condition is probably between the two 
and measurements are being made to determine the rela- 
tive accuracy of the suppositions. But the first assump- 
tion, since it imposes the more severe conditions should 
be assumed in design. 

Tables and equations were given which permit satis- 
factory design of machines much lighter than now in 
use. No analysis is made of the effect of unbalanced 
magnetic pull, all such effects being under the. control 
of the designer in fixing his allowable air-gap variation. 


CENTRAL STATION POWER 

The session on Central Station Power held under the 
auspices of the Power Division on Thursday morning 
had a full program. 

H. B. Reynolds, chairman of the division, read the 
progress report on steam power engineering. 

In the next paper, Paul Bancel of the Ingersoll-Rand 
Co. dealt with operating performance of one type and 
make of condenser. 

In discussion, G. L. Kothny of the C. H. Wheeler 
Mfg. Co. claimed that finding no essential difference be- 
tween operating and test performance is not unusual, if 
the condenser is constantly cleaned. He also said that 
the difference in the performance of the 1912 weir 
single-pass condenser and the 1925 Ingersoll-Rand con- 
denser might be due to choking the air outlets by orifice 
plates and operating the steam jets at different 
vacuums. 

In discussion of a paper by E. B. Ricketts of the 
New York Edison Co., which gave results of about 50 
tests made at weekly intervals during 1925 and 1926 on 
four condensers, Dr. W. R. Morgan held that tube inac- 
tivity is largely due to poor distribution of water to the 
tubes. Performance of single-pass condensers was held 
to compare unfavorably with that of well designed, two- 
pass condensers, because maintenance costs are high due 
to frequent cleaning, which also reduces the period of 
availability for service. 

Steam Condenser Practice and Performance, by F. J. 
Chatel of the Detroit Edison Co., dealt with results in 
the four plants of that company. Performances from 
the original installations to those of the present time 
showed a marked improvement, which indicated that 
condensers of the single-pass type, within a range of 
from 0.95 to 1.05 sq. ft. of surface per kilowatt of tur- 
bine capacity should be considered good practice. Their 
performance seems to outweigh the fact that a larger 
amount of water is necessary for this type than for a 
two-pass condenser or a condenser having more tube 
surface. 

In discussing this paper, C. D. Zimmerman added 
that two other factors in connection with condenser vae- 
uum have had insufficient consideration: 
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1. Steam leaving the last blades of the turbine is at 
a high velocity and in a highly turbulent condition. 
There is evidence that this steam does not meet the con- 
denser surface evenly but ‘‘piles up’’ in certain sections. 
It is possible that improvements can be made in the 
connections from the turbine to the condenser which 
will lead to improved condenser performance. 

2. Steam leaving the last turbine blades enters an 
open space without stream lining, which is analogous 
to using no orifice in places where an efficient nozzle 
should be used. This sudden increase in area of passage 
causes violent eddies and turbulence, as the steam 
changes from a high velocity on leaving the last blades 
to a lower velocity on entering the condenser shell. Due 
to this turbulence, this change in state is accompanied 
by an appreciable increase in entropy and a consequent 
loss in the availability of the energy which, for the same 
vacuum at the top of the condenser, might be utilized 
in the turbine itself. 

Messrs. W. J. Wohlenberg of Yale University, and 
E. L. Lindseth of the Cleveland Electric Illuminating 
Co. discussed the Influence of Radiation in Coal-Fired 
Furnaces on Boiler Surface Requirements and a Sim- 
plified Method for its Calculation. 

Application of the method outlined yields informa- 
tion concerning that division of total surface between 
cold furnace walls and convection zone which results in 
greatest overall energy absorption. They indicated that 
the method of calculating radiation from projected area 
rather than from actual surface of water-cooled wall, is 
correct. Their results also indicate that the present 
tendency toward using highly preheated air and de- 
creasing accordingly, the boiler surface, is based upon 
sound theoretical consideration. 

The fact was also cited, at a recent meeting of the 
French Society of Civil Engineers, that, with long flame 
burning, the combustion chamber is required to be twice 
the size of that where short flame fuels are used. Also, 
in France, smaller sized combustion chambers are now 
being used. Clear atmosphere in the furnace is impor- 
tant as the interference with radiation of particles held 
in suspension reduces the efficiency of heat transfer 
where furnace atmosphere is dense. 

B. N. Broido pointed out the influence that water- 
cooled walls have upon exit gas temperatures and also 
upon the efficiency of the boiler. There is a certain 
ratio between the boiler surface and the water-cooled 
surface which gives the best results in total efficiency of 
boiler. One of the reasons of the comparatively small 
effect of the water-cooled furnace surfaces on the effi- 
ciency of the boiler is that, with increasing surfaces in 
the furnace, the heat absorption per square foot of heat- 
ing surface is reduced. 


V-NotcH WEIR MEASUREMENTS 

Accuracy of the V-Notch Weir Method of Measure- 
ment by D. Robert Yarnall of the Yarnall-Waring Co. 
presented tests of such a weir having a capacity of one 
million pounds per hour. 

From many tests which have been made with the 
apparatus described in the paper, the author held that 
anybody who used the co-efficients corresponding with 
any given head, as given by one of the curves, can obtain 
accuracies within 14 of 1 per cent. _ 

In discussion, C. C. Trump of Philadelphia added 
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that viscosity affects coefficients of weirs and orifices 
with sharp edges. The higher viscosities give less con- 
traction and higher coefficient, contrary to ordinary ex- 
pectation. 

Professor W. S. Pardoe of the University of Penn- 
sylvania pointed out that the V-notch weir is not a 
device of high accuracy and indicated the percentage of 
error to be expected. He added that the V-notch weir 
finds its greatest usefulness in the measurement of a 
quantity which varies greatly and still gives moderate 
heads for the largest rates. 


FEED WATER AND Its TREATMENT 


At the Boiler Feed Water Session, the sub-committee 
on Water Softening by Chemicals submitted its report 
on Pretreatment of Boiler Feed Water which was read 
by C. R. Knowles. 

Topics covered in the report were: 

1. The chemical reactions to be considered in the 
light of present knowledge of physical chemistry, with 
special attention to the hydrogen-ion concentration of 
water and its influence upon the precipitation of harden- 
ing salts. 

2. Compilation of operating data to determine the 
relative value of continuous and intermittent softeners. 

3. Collection of operating figures showing the effi- 
ciency of subsidence tanks and basins in order to be able 
to submit recommendations for the more efficient design 
of basins for precipitation of solids and the removal of 
sludge. 

4, The causes and prevention of retarded chemical 
reaction. 

5. Standardization of rates of filtration employed 
for the removal of suspended solids from softened water. 

6. The effect of siliceous material as a filtering 
material when used in conjunction with hot chemical 
softeners and the value of non-siliceous filtering material. 

7. A consideration of the economic value of lime- 
soda softener treatment preliminary to zeolite softeners 
or to evaporators. 

8. Standardization of nomenclature employed in 
the field of softening of water by chemicals and of the 
apparatus and appurtenances in use in these systems. 

C. W. Faulk read the report of the sub-committee on 
Zeolite Softeners, Internal Treatment, Priming and 
Foaming and Electrolytic Scale Prevention. This report 
clearly showed the lack that exists of exact knowledge 
regarding priming and foaming. 

Foaming, it was stated, is thought to be due to the 
presence of substances which concentrate either in the 
surface or in the mass of the water. Two conditions 
cause the formation of foam; (1) the presence of some- 
thing which, by modifying the surface of the water, 
makes possible the formation of bubbles; and (2) the 
presence of something which by imparting viscosity to 
the films stabilizes them—that is, prevents them from 
bursting immediately after forming. It was shown that 
organic matter may cause foaming. Need for a foam 
test was expressed. ‘ 

In discussing ‘‘priming,’’ the fact. was brought out 
that it is possible to heat water in an open flask above its 
normal boiling point for the pressure of the moment, 
creating a certain small amount of superheat which, 
when broken up, causes violent ebuilition because of the 
dissipation of the stored up energy due to the superheat. 
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Two outstanding methods of reducing foaming and 
priming are (1) reduction of the concentration of 
sodium salts, suspended solids, or other offending sub- 
stances by blowing down the boiler; and (2) the intro- 
duction of castor oil into the boiler water. 


EMBRITTLEMENT OF METALS 


Professor A. G. Christie, chairman of. the sub-com- 
mittee on Embrittlement of Metals, presented its report. 

Outstanding facts as follows represent the present 
status of knowledge of the phenomena: 

1. Embrittlement of boiler metal is an established 
fact and not a myth as believed by some engineers. 

2. The difficulty has been encountered in many sec- 
tions of the country, although, in certain areas, failures 
of this kind have been more prevalent. 

3. In most cases where these failures have bee 
experienced, the water has contained relatively high con- 
centrations of carbonate, bicarbonate, or hydrate of soda 
and these waters have been low in sulphates or chlorides 
of soda. Some cases of embrittlement of boiler metal 
have occurred, however, with waters having low concen- 
tration of sodium salts. 

4. Embrittlement is a function of excessive stresses 
in the metal and the phenomenon apparently never 
appears in the absence of stresses beyond the elastic limit 
for the metal. 

5. It has been shown experimentally that embrittle- 
ment of boiler steel may be produced at will in the pres- 
ence of excessive amounts of hot caustic soda (20,000 
grains per gallon) when the metal is under tension 
beyond the elastic limit. The phenomenon usually takes 
place by the combined action of high stress and high 
chemical concentration. These facts have been estab- 
lished by laboratory experiments but the element of time 
affecting the phenomenon has not been established. 

6. Laboratory experiments and practical experience 
indicate that the embrittlement of the metal may be 
inhibited by maintaining a specific ratio between the 
sodium carbonates and sulphates present in the water 

7. Failure of the metal progresses by intercrystal- 
line fracture, with, in practically all cases, no defor- 
mation of the grains. 

8. One investigator has determined that a similar 
phenomenon may be produced by calcium nitrate. Vari- 
ous investigators are by no means in accord concerning 
the basic cause or causes of the phenomenon and much 
discussion has arisen as a result of the two schools of 
thought. There are certain points, however, upon which 
there seems to be general agreement. These are as 
follows: 

(a) Brittleness of boiler steel may occur in the 
presence of high concentration of caustic soda and result 
from straining the metal beyond the elastic limit. 

(b) Failures of this kind are intercrystalline in 
character. 

(c) The cracking of metal occurs, in practically all 
eases, along the line of rivets and on the dry side of the 
plates. 

Certain investigators believe that the brittleness of 
metal is affected -by the absorption of cathodic hydrogen 
and that the rapidity of the action is accelerated by 
stresses in the metal. This view has not received uni- 
versal acceptance. Still others hold that embrittlement 


is due to the presence at the grain boundaries of im- 
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purities such as iron sulphide, which are dissolved by 
the action of caustic soda or other chemicals. 

Some engineers believe that embrittlement is due 
partly to certain inherent characteristic of the steel and 
partly to stresses from deformation and riveting in the 
process of manufacture, augmented by the stress due to 
the working pressure in the boiler. Evidence has been 
submitted to confirm this view. 

BomuER CorROsION 

Corrosion of Boilers and the Effect of Treated Water 

in Accelerating or Relieving These Troubles was the 


subject of a report read by F. N. Speller. 


More active investigation of boiler corrosion by rep- 
resentatives of both locomotive and stationary boilers 
was urged by the Committee. To accomplish this object, 
the following procedure was suggested. 

1. A thorough survey to be made of important work 
already done on boiler corrosion. This may involve the 
preparation of a condensed bibliography. 

2. <A laboratory study to be made of the important 
factors involved in boiler corrosion and of means for — 
corrosion prevention. This phase of the work will in- 
clude, for instance, a study of the influence of alkalinity 
combined with common salts and oxygen in solution and 
other variables. Such work should be done under boilcr 
temperatures and pressures. 

3. A supervised application to be made of the most 
promising preventive measures under various service 


- conditions. 


To carry out this program, it will be necessary to 
obtain the full-time service of a technical man who has 
had previous experience in working out corrosion prob- 
lems, which will involve some expense. The committee 
is now considering this plan and ways and means by 
which it may be carried out but, at present, nothing 
definite has been decided. Much valuable work has been 
done by individual investigators and important results 
in combating corrosion have already been attained. It is 
felt that it is of primary importance to prepare care- 
fully a plan of investigation before undertaking any 
co-operative research of this kind. 


Power Situation in New Jersey 


¢¢TN PLANNING to meet the state’s future electric 
requirements, we must look for the most economi- 
eal and efficient sources of supply whether they be 
within or without its boundaries,’’ declared Thomas N. 
McCarter, president of Public Service Electric & Gas 
Co., in a paper read before the New Jersey Utilities 
Association in session at Atlantic City on Nov. 20. 
‘‘New Jersey has no coal mines, and it has practi- 
eally no water powers capable of development. In both 
these respects adjoining states are more fortunate and 
interconnection makes it possible to share in their ad- 
vantages. ’’ 
For every horsepower of load carried in 1925 by 
ew Jersey companies, 24% hp. will be demanded by 
1935 and more than 5 hp. by 1945, said Mr. McCarter, 
who cited the certain electrification of the steam rail- 
roads, the growing number of industrial companies that 
turn to central station companies for power, and the 
increasing use of electricity in the home as factors which 
are creating the demand. 
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‘‘The electrification of the steam railroads operating 
in the more populous sections of the state is coming,’’ 
he told his auditors. ‘‘The question is not whether the 
job shall be done but is rather of the time when finan- 
cial and other conditions will best permit it to be done.’’ 

The load carried by New Jersey companies in 1925 
amounted to 450,000 kw. In 1935 it will be 1,125,000 
kw. and in 1945, 2,300,000 kw. The problem that the 
electric utility companies face is the provision, in the 
best and most economical way, of facilities that will 
meet this great increase. The executives of the com- 
panies represent, said Mr. McCarter, not only their own 
organizations, but, in this instance the people to whom 
a dependable supply of ‘electricity has become a neces- 
sity. ‘‘Upon the judgment we now use and the wisdom 
we now exercise,’’ he added, ‘‘will depend in large 
measure not only the quality but the cost of electric 
service to be provided 10, 20 and even more years in 
the future.’’ 

Pointing out that the value of the plant and equip- 
ment of New Jersey electric companies had, according 
to government figures, increased from $69,000,000 in 
1917 to $143,300,000 in 1922 and that since that date 
Public Service had expended some $75,000,000 for im- 
provements and other New Jersey companies a further 
large amount, Mr. McCarter said that in view of the 
unquestionable economics of interconnecting adjoining 
and contiguous systems, he doubted whether the demand 
of the future could be met as it has been in the past 
by the provision of facilities serving a limited area only. 

‘* ‘Super power,’’’ he said, ‘‘is a name designed 
to appeal to the imagination; ‘giant power’ is a dream 
with all the impracticability of a dream, but ‘power 
interchange,’ is a development of the electric industry 
that has its origin in the economic laws that govern the 
generation and transmission of electricity. 


‘“Interchange of power between systems is calculated 
to prevent duplication of investment and by permitting 
full utilization of the output of power stations over a 
wide range of territory, it will allow the generation of 
power in the most efficient stations, except under peak 
load conditions; it will work to cut down the peak load 
of individual systems; it will provide for quick relief 
when the service of a system is interrupted by acci- 
dents; it will for considerable periods relieve companies 
from the necessity of large capital expenditures; it will 
reduce investment in total reserve capacity, and it will 
allow construction programs of participating companies 
to be staggered.’’ 

Power interchange will, because of conditions pe- 
culiar to the state, prove of particular benefit to New 
Jersey, Mr. McCarter said, pointing out that the peak 
load of the territory along the coast came at 8 p.m. in 
the summer months and the peak load for the indus- 
trial section of the state at 5 p.m., in the winter months, 
making possible the use of the winter surplus capacity 
of interior plants on the coast during the summer, and 
vice versa. Power interchange between New Jersey and 
the Pennsylvania mining districts would also be mu- 
tually advantageous. Work at the mines stop at 4 p.m., 
releasing a supply of energy that would assist in meet- 
ing the 5 o’clock New Jersey peak. The New York 
Edison Company, because a large proportion of its 
business is lighting, is at any time between May and 
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October subject to a ‘‘thunderstorm peak,’’ a sudden 
darkening of the skies that causes the turning on of 
literally hundreds of thousands of lights and adds as 
much as 200,000 kw. to its load, and while New Jersey 
companies do not face a similar condition, they too are 
subject to sudden demands that tax their resources. 
Power interchange would level these peaks and save 
investment in apparatus used only to meet them. 

If power interchange were now effective in New 
Jersey alone it would mean a saving in combined ¢a- 
pacity of 60,000 kw. out of a total combined capacity of 
647,000 and in ten years would result in a saving of 
$15,000,000 in investment. If the interconnection were 
extended to adjoining states, the saving in investment 
by 1935 would amount to $60,000,000. 

Mr. McCarter mentioned as possible sources of fu- 
ture electric supply for New Jersey, the Conowingo sta- 
tion on the Susquehanna between Delaware and 
Maryland, mine giant stations now being and to be 
constructed in Pennsylvania, the St. Lawrence river, 
the Adirondack and the Delaware river developments. 

**Power interconnection is the next great forward 
step in the progress of the electric industry towards 
the goal of complete service to the people of this coun- 
try,’’ said Mr. McCarter in conclusion. ‘‘It is accom- 
plishing great things and will accomplish greater. New 
Jersey should not lag behind in its development. In 
no state is an adequate electric supply more necessary 
to public welfare and in few states can power inter- 
change play a more important part in securing it. Its 
foundation is co-operation within the industry and be- 
tween the industry and the communities served. Its 
results will benefit everyone.’’ 


Merger of New York Utilities 


PLANS ARE BEING arranged for the early consolida- 
tion of six light and power companies, serving the cen- 
tral Hudson Valley, New York, including the Central 
Hudson Gas & Electric Co., Poughkeepsie and New- 
burgh; Dutchess Light, Heat & Power Co., Rhinebeck; 
United Hudson Electric Corp., Poughkeepsie; Kingston 
Gas & Electric Co., Kingston; Ulster Electric Light, 
Heat & Power Co., Saugerties; and the Upper Hudson 
Electric & Railroad Co., Catskill. The new company will 
take the name of the Central Hudson Gas & Electric 
Corp., and with its subsidiaries will serve all portions 
of Greene, Ulster and Albany counties on the west bank 
of the Hudson River, and Columbia, Putnam and 
Dutchess counties on the east bank. The organization 
will be capitalized at $10,000,000, with 400,000 shares of 
common stock, no par value. In connection with appli- 
cation for permission to carry out the merger, authority 
has been asked for the immediate issuance of a block of 
preferred stock of about $3,000,000. The consolidated 
company plans expansion in the different sections, in- 
cluding transmission line construction. Thaddeus R. 
Beal, president of the Central Hudson company, is ex- 
pected to head the new organization. 


MEN WHO deliberately evade wearing goggles when 
engaged on any job where there is a possibility of en- 
dangering their eyesight should be discharged, says 
Charles E. Hill, vice-president of the National Safety 
Council. 





POWER PLANT 
74 ENGINEERING 


January 1, 1927 


Power Development of the St. Lawrence River 


5,000,000 Hr. ro BE MapE AVAILABLE, ALSO NAVIGATION FOR SEAGOING VEs- 
sELS Up to 23-Fr. Drarr aT AN EXPENSE oF $620,000,000 Tro $650,000,000 


EPORT has recently been made by the Joint Board 

of Engineers appointed by the governments of the 
United States and Canada upon the improvement of 
the St. Lawrence River between Lake Ontario and Mon- 
treal for the purpose of making it navigable for sea- 
going ships. Also the developments needed to raise the 
levels of the Great Lakes so as to improve the harbors 
and channels with the purpose, eventually, of giving a 
passageway from the lower end of Lake Michigan 
through to the ocean of 25 ft. in depth. Raising of 
lake levels and the 25 ft. channel from Chicago to salt 













WW 
"ONTRE A, 


LAKE ST. LOUIS 
ARTINE 
Ost. REM) 

oO MUNTINGDON 


LAKE ST.FRANCIS 


CR 
OXFORD, o HELENA 
MORRIS BURG: 
PRESCOTT 2 NORWOOD 
OGDENSBURG 


T 
NCEN) PHILADELPHIA 


CAPE v! 











SECTION OF ST. LAWRENCE RIVER WHICH IT IS PROPOSED 
TO IMPROVE 


water is purely a navigation project, the power develop- 
ment coming entirely in the St. Lawrence river between 
Lake Ontario and Montreal. 

Present lake navigation operates nominally on 20-ft. 
draft except in the Welland canal which has 14-ft. 
draft between Lakes Erie and Ontario. This canal is 
now being enlarged and deepened to 25 ft., with sills of 
the locks 30 ft. in depth to take care of further possible 
enlargement. The board has recommended that 25 ft. be 
the depth of the ship channels from Lake Ontario to 
Montreal as the saving by reducing the depth to 23 ft. 
is not great and there seems no ¢all at the present time 
for expending the additional amount necessary to pro- 
vide a 30-ft. channel. 


NAVIGATION IS THE PRIMARY CONSIDERATION 


Emphasis is laid by the board on the necessity for 
making the navigation interests of the St. Lawrence 
River of primary importance, all power developments 
and control of lake and reservoir levels being regulated 
to meet these navigation interests. Working from this 
standpoint, it was found that it will not be feasible to 
utilize the Great Lakes as storage reservoirs. for con- 
trolling the flow into the St. Lawrence River and the 
board therefore recommends that compensating works, 
consisting of weirs be built in the Niagara River near 


Fort Erie, to cost $700,000, which will raise the low level 
of Lake Erie by 0.7 ft. but will not interfere with the 
free passage of ice or with light. draft navigation. It 
is estimated that the compensating works in the Niagara 
River will raise the level in Lake Huron 0.15 ft. Similar 
compensating works are recommended for the St. Clair 
River to raise the levels of Lakes Michigan and Huron 
by an additional 0.85 ft. at a cost of $2,700,000. 

These compensating works are intended to counter- 
act diversions authorized by license in the United States 
and Canada, the effect of outlet enlargement, diversions 
for navigation and diversions not covered by license. 
It is to be noted that the level of Lakes Michigan and 
Huron is being raised more than the drop due to the 
diversions. The level has dropped during a number of 
years past because of the low rainfall and it is felt that 
the improvement in harbors, utilities and navigation 
will be sufficient compensation for the extra expense in 
bringing the lake levels back to their condition before 
this prolonged dry cycle took effect. Some lowering 
of the lakes would result from the increase of naviga- 
tion channels to a depth of 25 ft. and compensating 
works will probably be necessarily increased somewhat 
in the St. Clair River to take care of this at an esti- 
mated cost of $200,000. : 

To improve the channels between Lake Erie and 
Lake Superior so as to give 25 ft. depth with the levels 
which are probably available 99 per cent of the time, it 
is estimated that the cost of the compensating work 
will be $3,600,000 and of excavation $41,100,000 or a 
total of $44,700,000 to give a 25-ft. channel from the 
head of Lakes Superior and Michigan to Lake Erie. 
Using compensating works to raise the levels of the 
lakes will give better depth in the harbors on Lakes 
Huron and Erie and reduce the cost of improving these 
harbors and will save approximately a million and 
a quarter dollars over the provision of a 25-ft. channel 
by dredging alone. 


DEVELOPMENTS IN THE ST. LAWRENCE RIVER 
As a matter of development, the stretch between 


Lake Ontario and Montreal is divided into five parts 


which the board denominates the Thousand Island sec- 
tion, 67 mi. long, which is deep slow-flowing water with- 
out power possibilities from the outlet of Lake Ontario 
to a point 3 mi. below Ogdensberg, New York; the In- 
ternational Rapids section, from Ogdensberg 49 mi. to 
the head of Lake St. Francis, a little above Cornwall, 
Ontario; the Lake St. Francis section, no power develop- 
ment, extending from Cornwall 26 mi. down stream to 
the end of deep water; the Soulanges, covering 18 mi. 
of rapids and shoal water from Lake St. Francis to 
Lake St. Louis; the Lachine section, embracing Lake 
St. Louis and the rapids and shoals of this lake to 
Montreal Harbor, a distance of 23 mi. In the Thousand 
Island section and the Lake St. Francis section are no 
power possibilities and development is a matter of ex- 
cavating channels for navigation. The other three sec- 
tions can be improved for power. 

In planning for power houses, capacity has been pro- 
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posed for the maximum flow which the board considers 
as utilizable in the future. Navigation requires that 
the flow down the St. Lawrence be maintained at a high 
degree of uniformity, hence the hourly flow cannot be 
regulated to meet fluctuating power demands. Capacity 
well in excess of the minimum flow of the river has been 
estimated but for initial expenditures, an installation at 
50 per cent of the eventual capacity has been considered 
so as to avoid investment in power machinery before 
the power can be marketed. 


WINTER OPERATION 


Power sections of the river have so rapid a current 
that they always run open throughout the winter but, 
during the freezing season frazil and anchor ice form 
and are carried down by the current so that they pack 
under and against the sheet ice in quiet water, thus 
gorging the channel and raising the water level from 
10 to 30 ft. at the foot of each open section. Such a 
condition would seriously decrease the head in the power 
houses and it is, therefore, necessary to guard against 
throttling of the river by the gorging of the channel 
at the upper ends of the pools which will be formed by 
the construction of dams. Investigations show that, 
with temperatures obtaining in the St. Lawrence regions, 
from 15 to 20 cu. ft. of ice will be formed in the course 
of a severe winter for every square foot of open water 
but that, in all cases where current velocity is as low as 
214 ft. a second, the frazil and anchor ice consolidates 
on the surface and extends the sheet upstream without 
excessive gorging. Throttling of the river and gorging 
oceur only at higher current velocities. Plans for power 
development are, therefore, based on enlarging the up- 
per reaches of the power sections by excavation so as to 
insure current velocities not exceeding 21, ft. per second, 
except for short distances at the upper ends where the 
remaining area of open water would produce too little 
ice to be of serious consequence. With ice sheets ex- 
tending down to the intakes of the power houses and the 
gorging prevented, operation of the plants will be 
nearly, if not entirely, free from ice difficulties. 

In the Thousand Island section the only improvement 
required is the removal of certain reefs and the cutting 
back of projecting points so as to straighten and deepen 
the channel. The cost of these improvements has been 
determined as $1,100,000. 


Power TO ReEpLAce Rapips 


In the second or International Rapids section the 
river runs in a succession of rapids extending to a little 
above Morrisburg, Ontario. It begins with the Galop 
rapids, near the head continuing in Rapide Plat just 
above Morrisburg and extending with the Long Sault 
above Morrisburg, Oontario. It begins with the Galop 
rapids which terminate near Cornwall, Ontario. Total 
fall through this section at mean river stage is 92 ft. 
of which about one-third occurs in the first 18 mi. above 
Ogden Island and the remaining two-thirds below that 
point. In developing this section, the present board 
feels that provision should be made for the fullest pos- 
sible use of the river for navigation and also for the 
most practical utilization of power resources. Two plans 
have been prepared, one with a single dam at Barnhart 
Island, giving 85 ft. summer and 75 ft. winter head, 
and with control gates at Galop Island; the second for 








a two-stage development with two pools, the lower one 
having a dam also at Barnhart Island, 67 and 63 ft. 
head, and the upper one having a dam and power house 
at Ogden Island, just above Morrisburg, Ontario, 17 
and 12 ft. head. 

In the single-stage development, ships would pass 
from the lower end of the pool through a canal with two 
locks on the United States side of the river, returning 
to the river in the south channel at. Cornwall Island, 
thence by free channel to Lake St. Francis. With the 
two-stage development, ships would pass through a lock 
at Ogden Island and from the lower pool to the south 
channel at Cornwall by a canal with two locks as in the 
single-stage scheme. 

Based on the flow which it is expected will be eco- 
nomical to use, installed capacity of the power houses 
of the single-stage development would be 2,326,000 hp., 
while the capacity of the power houses for the two-stage 
development would be, for Barnhart Island, 1,808,600 
hp., and for the Ogden Island plant 406,000 hp., or a 
total of 2,215,000 hp. More enlargement of the channel 
to prevent gorging of ice will be necessary in the two- 
stage development than for the one stage, also the cost 
per horsepower for installation of the low-head Ogden 
plant will be greater than if all power be developed in 
a single stage. 

Estimates for cost are, for the single-stage develop- 
ment, including channel enlargement to secure satisfac- 
tory winter operation, $235,000,000; for the two-stage 
development, $264,600,000. The United States section 
of the board recommends the single-stage development 
as affording better navigation by eliminating one lock 
and giving rather more power at a cost of $29,600,000 
less than for the two-stage. The Canadian section of 
the board feels that the two-stage development can be 
earried out in two parts, so that the power from the 
upper development can be marketed before the whole 
of the improvement is completed and, for this reason, its 
overall cost, including interest charges, will be not 
greatly in excess of that for the single-stage develop- 
ment. Furthermore, the flowage of land will be reduced 
from about 28,000 a. to about 18,000 a. 

For the dam at the lower pool, two sites are available, 
one at the head- of Barnhart Island, running to Long 
Sault Island, thence to the United States shore; the 


_ other across the main river at the foot of Barnhart 


Island. Either site has suitable foundation for a dam 
but the location at the head of Barnhart Island would 
necessitate a canal 6.9 mi. long, while that at the foot 
of the island would reduce this length 2.9 mi. So far 
as the power development is concerned, either plan is 
regarded as satisfactory. The United States engineers 
prefer to locate the dam at the foot of Barnhart Island, 
beeause of the reduction in length of the canal and less 
chance of local ice difficulties in winter. The Canadian 
engineers prefer to locate the dam at the head of Barn- 
hart Island, because of the higher rock foundations 
found. It is considered that choice between locations 
will be settled when the type of development has been 
determined. 

Whether single-stage or two-stage development is 
selected, operation of the sluice gates to control flow 
of the river should be under the control of an inter- 
national board with full authority to insure regularity 
of flow in the interests of navigation in the lower river 
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and of the power houses downstream, as well as to main- 
tain the level of Lake Ontario within proper limits. 

Improvement for navigation only. would require a 
side canal on the American shore, from the Galop rapids 
to Ogden Island, where a pool would be formed by a 
dam at the head of the Long Sault rapids; thence ships 
would pass to the river at Cornwall through a canal 
similar to that proposed for the two-stage development. 
Navigation by this plant would be far inferior to that 
provided by either power development and the estimated 
cost would be $79,000,000. 


For the single-stage development, initial expenditure _ 


to open navigation and provide installed horsepower of 
1,163,000, would be $190,000,000. For the two-stage 
development, to open navigation and provide 406,400 hp. 
in the upper plant and 756,600 hp. in the lower plant 
would cost $238,400,000, or, if the power development 
of the upper plant be deferred and 1,163,000 hp. be 
developed at the lower plant, the cost would be $214,- 
500,000. It would thus seem that, whichever plant is 
adopted, the expenditure required to produce an initial 
installation of 1,163,000 hp. above that required for im- 
proving navigation alone would be between $100 and 
$116 per horsepower. 

Dredging through Lake St. Francis to provide a 
suitable ship channel is estimated to cost $980,000. 


Power DEVELOPED IN STAGES AS NEEDED 


In the Soulanges section, the river falls in a suc- 
cession of rapids, a total of 83 ft. Certain power de- 
velopments have already been established in this section, 
the most important being at Cedars rapids, which uses 
a third of the low water flow of the river at 32-ft. head, 
and has installed capacity of 197,000 hp. Recommenda- 
tions are that navigation and progressive development 
of power be combined in this section, only the first part 
of the power development being initially undertaken. 

At the head of Cedars rapids the river is to be 

damimed, creating a pool from 11% to 5 ft. below the 
level of Lake St. Francis, since raising to the full level 
of the lake would destroy large areas of agricultural 
land. Navigation will pass around the rapids between 
the lake and this pool by a canal 3 mi. in length with a 
low-lift lock. A second canal 5 mi. long with two lift 
_loeks will carry navigation from the pool to Lake St. 
Louis in the next section of the river. Immediate power 
development proposed is 382,000 hp. at the dam with 
22-ft. head, continuing the present Cedars plant and 
feeding it through sluice gates. The second part of the 
progressive development will be an installation of 500,- 
000 hp. at 75-ft. head at a power house on the shore of 
Lake St. Louis north of Cascades Point, water to be 
supplied through a headrace canal formed in part by 
enlarging the navigation canal. The third step in de- 
velopment will be a dam and power house at the Cas- 
eades rapids with 53-ft. head, to develop 974,000 hp., 
at which time the present Cedars plant would be put 
out of commission. 

Estimated cost for this work is, for the first step, 
including navigation development, $103,945,000; for the 
second part, $37,291,000; for the third part, $63,816,000, 
or a total of $205,052,000 with total horsepower devel- 
oped of 1,979,700. By installing only half the hydraulic 
machinery in the first step of the development the 
initial cost will be reduced to $92,000,000, and the in- 


January 1, 1927 


itial horsepower developed will be 202,000. By consid- 
ering the cost of development for navigation alone, along 
the lines recommended, it is found that the cost in- 
curred for the initial power development will be in the 
region of $28 per horsepower capacity and for full de- 
velopment, $87. In case it is impossible to arrange for 
meeting the initial cost of power development through 
the co-operation of power interests, the Canadian sec- 
tion of the board favors the construction of a lateral 
canal on the south side of the river, which will be useful 
for navigation only and would be abandoned when 
power development is undertaken. The United States 
section of the board believes that freer navigation of an 
open river will be necessary, eventually, and that, in case 
power development at the start proves inadvisable, it 
will be better to develop as outlined,. building only the 
foundations for the power plants and leaving further 
construction to be taken care of later. 


LacHINE Rapips Power DEVELOPMENT DEFERRED 


From the deep water at the head of Lake St. Louis 
to Montreal Harbor, the first 11 mi. are through deep 
water, then comes 4 mi. through shoal water at the foot 
of the lake, next 5 mi. with swift current through a 
channel obstructed with rock reefs. At the end of this 
section is the shoal Lachine rapids, 5 mi. in length, and 
beyond, a mile of shoal swift running water to the 
harbor. Total fall through the section is about 48 ft., of 
which only 9 ft. is between the upper end of Lake St. 
Louis and the head of Lachine rapids, 24 ft. being 
through these rapids and the other 15 ft. from the rapids 
to Montreal. The river here describes a wide bend to the 
south, also some water is received from the Ottawa River 
by channels from Lake of Two Mountains. 

Examination of the possibilities of utilizing the sec- 
tion of the river above Lachine rapids for navigation and 
developing power at these rapids disclosed that the cost 
of excavation would be excessive and current in the ex- 
cavated channels would be too rapid for satisfactory 
navigation. It is thought best, therefore, to use a side 
canal as the suitable route for navigation between Lake 
St. Louis and Montreal Harbor, following closely the 
river bank and with three lift locks and a guard gate. 
Excavation at the upper level of the canal and through 
the long shoals at the foot of Lake St. Louis can be 
reduced by constructing a control dam in the river at 
the head of the rapids to raise the low water level of 
Lake St. Louis. Control works would also be necessary 
in the channels between the St. Lawrence River and 
Lake of Two Mountains in order to preserve the present 
distribution of flow of the Ottawa River and prevent 
reduction in the flow through the main channel of the 
St. Lawrence River across to Montreal. The entire con- 
trol work is estimated to cost $2,000,000 in excess of 
the saving which would be made in excavation cost but 
these works will reduce the cost of future power devel- 
opment at Lachine Rapids. Complete cost of the naviga- 
tion improvement for this seetion is estimated at 
$53,000,000. 

Plans for future development of power on the river 
at this point consist of two parts, the first, construction 
of a power canal along the south shore, from the foot 
of Lake St. Louis to the Lachine rapids, delivering water 
to a power house on the south shore at the foot of the 
rapids and discharging into the La Prairie Basin. This 
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would give 391,000 hp. The main control dam would be 
at the head of the rapids, at the same location as that 
proposed to regulate the levels for the benefit of navi- 
gation and auxiliary control structures from the outlet 
of the Lake of Two Mountains would be identical. It 
would be necessary, however, to change the main control 
dam from that required simply for navigation purposes. 
since the navigation dam would have wide openings to 
prevent formation of an ice jam, while the power dam 
would be reduced to such dimensions as would afford 
safe and convenient operation of the gates in winter. 
Alteration of the navigation dam to that for power 
purposes would cost about $281,000. It is estimated that 
this first part of the power development, considering 
that the dam has already been built for navigation, 
would be $81,247,000. 

The second step in improvement would be develop- 
ment of 422,000 hp. from a power house to be con- 
structed in the main river at the foot of the Lachine 
rapids, adjacent to that constructed in the first develop- 
ment. The headrace would be formed by a longitudinal 
wall extending downstream from the control dam to the 
new power house and by opening the portion of the 
edntrol dam between this wall and the south shore. 
Estimated cost of this second development is $41,966,000. 
Development of the first step in the power program 
after the navigation improvement will cost $889,000 
more than it would if undertaken in conjunction with 
the navigation improvement but the lack of market for 
power would seem to make simultaneous development 
for navigation and power undesirable. Cost for naviga- 
tion improvement is estimated at $53,000,000, the addi- 
tional cost for the two power developments, $123,213,000, 
with installed capacity of 923,000 hp., or somewhat over 
$133 per hp. of capacity. 

The last of the report is concerned with the develop- 
ment of the St. Lawrence River at and below Montreal 
but no power development is contemplated in this 
section. 

Completion of the waterway so that it can be opened 
to navigation is estimated to take from 7 to 8 yr. from 
the time that active work is begun, if all work is done 
simultaneously so as to assure completion at the same 
time. The board gives, in an appendix, a complete pro- 
gram for the prosecution of the work. 


Rochester G. & E. Corp. Con- 


templates Hydro Development 


PEAKING at a luncheon of members of the Roch- 

_ ester section, American Society of Civic Engineers, 
and the Rochester Engineering Society, held recently at 
the Sagamore Hotel in Rochester, Franklin J. Howes, 
chief engineer for the Rochester Gas & Electric Corp., 
explained how the power company proposes to effect 
both river control and the generation of more than 
13,000 electrical hp., in addition to its present capacity, 
by building a $1,500,000 dam across Caneadea Creek. 

‘‘The new Caneadea dam, which we expect will be 
completed within a year,’’ said Mr. Howes, ‘‘will cost 
about one-tenth the amount proposed to be spent on a 
larger one at Mount Morris, N. Y., and will make avail- 
able about one-tenth the amount of water,’’ Mr. Howes 
said. ‘‘The value of the Caneadea storage reservoir, 
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however, will be greater in proportion to its volume thar 
will that of Mount Morris, because a small volume of 
water can be concentrated at a period of need. 

“This Caneadea project includes a dam of the con- 
stant angle arch type flooded by the reservoir. At pres- 
ent men are working on the new concrete highway to 
replace a portion of the present one, which will be 
flooded by the reservoir. Later, we expect to build a 
power house near the dam. The latter we plan to have 
ready some time in 1928. 

‘*The dam will rise 143 ft. above the foundation of 
the creek bed and will form a pond, or reservoir, 125 ft. 
deep and 800 acres in extent. The capacity of the pond 
will be 1,600,000,000 cu. ft. The water, however, will be 
kept 10 ft., or more below the capacity height, to allow 
for freshets due to summer and spring rains.’’ 

At the foot of the dam will be placed sluice valves 
through which water can be drawn when it is wanted. 
Until the power house is completed, the reservoir will be 
used only for storage purposes. After the plant is 
equipped it is possible that the station will be used to 
generate power for use in that neighborhood, the speaker 
said. The contents of the pond will make available for 
a period of 60 days, 300 cu. ft. of water per second, and 
will relieve the Gas and Electric Corporation of the 
necessity of carrying approximately 9300 hp. in steam 
and generation capacity. When the power house is fully 
equipped its capacity is expected to be 4000 hp. 

Although Mr. Howes did not state when actual work 
on the new Mount Morris storage dam would be com- 
menced, it has been officially stated by the power com- 
pany that the word to proceed with the Mount Morris 
development would be given as soon as the Caneadea 
dam is completed. Such being the case there is every 
reason to believe that the work of removing all trees and 
buildings from the territory to be flooded by the Mount 
Morris dam will be started some time during the fall of 
1927, so that real work on the gigantic dam may be 
commenced in the spring of 1928. 


Buying Electricity 

You anv I will speak of our monthly ‘‘electric light 
bill,’’ says an editorial writer in Forbes Magazine (New 
York). And because we are accustomed to think of it 
as covering only electric light, we are sometimes dis- 
posed to regard it as high. But our electric light bill 
is no longer merely an electric light bill. He goes on: 

‘‘In my own home, for example, we have an electric 
refrigerator, an electric washing machine, and other 
smaller electric appliances. What we actually pay for, 
therefore, consists of various very useful and helpful 
forms of electrically-done domestic work. In a very 
real sense, electricity has become a servant in the home. 
It lightens the duties of wife, maid, cook, laundress. 
It saves wages. In my judgment, electricity rivals the 
automobile and the daily newspaper in giving you the 
most for your money. Our wide-awake National Elec- 
tric Light Association should institute activities to bring 
home to every housewife and husband the new idea that 
what most of us now receive is not a monthly electric 
light bill, but a bill for domestic wages, a bill for work 
done in the parlor, bedroom, kitchen, pantry, laundry, 
a bill which represents a saving both of work and 


money.”’ 
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Appoint Engineers on Commissions 


What is the matter with the average commission ? 
Why is so much lethargy, indecision and wrong conclu- 
sion so characteristic of them? The personnel of com- 
missions is usually composed largely of lawyers. Today 
we are seeking more than ever to place men in positions 
in which they can function most efficiently. 

Many of the questions that come before commissions 
have to do more intimately with engineering than with 
law. Who is better qualified to pass upon rates than a 
competent engineer? Formerly we regarded a trinity 
of ‘‘noble’’ professions, in which law held a place. 
Today there is no more noble profession than that of 
engineer. None has higher ideals or stronger ethical stand- 
ards. None is of greater service to mankind. The law- 
yer’s training is based upon citation of precedent; his 
ethics place the interest of his client above that of all 
others. The engineer’s training is that of a logical 
search for unqualified truth based solely upon fact; his 
ethics include not only the welfare of his client but 
equally so, society as a whole. 

Publie service positions of trust are now ably filled 
by engineers. We have never had a more efficient Sec- 
retary of Commerce than Herbert Hoover. No cabinet 
officer has had greater influence for good than he. An 
engineer was chairman of the Mayor’s Economy and 
Efficiency Commission of Baltimore which, at little ex- 
pense, placed the city on a business-working basis, re- 
ducing costs of operation to such an extent that some 
day when other cities of the country wake up they will 
follow the example set before them. The first city 
manager was an engineer and those who are most suc- 
cessful today are generally engineers. Engineers are 
sought for members of Boards of Trustees of universi- 
ties. Many engineers have become successful college 
presidents. 

Hyphenating the word engineer has become almost a 
fetish with some people. We now have human engi- 
neers, social engineers, procurement engineers, rural 
engineers and agricultural engineers, most of whom, 
while glad to adorn themselves as engineers are unwill- 
ing to undergo the rigid training required of engineers. 
Their engineering training usually stopping with some 
genteel: knowledge of some things about which the engi- 
neer deals. 

At least one prominent engineer and one big business 
man should be on all important commissions. We wish 
to emphasize the word ‘‘big,’’ as so many civie enter- 
prizes fail because the gullible public is ever willing to 
put into the hands of mediocre men the spending of 
their millions. * 

The engineer has demonstrated his worth. He has 
won his place through merit. He has grown out of his 


swaddling clothes. He is no longer satisfied with a hired 
position in connection with Boards of Decision. 


He 


should occupy his appropriate place—that place is on 
Boards of Decision and functioning in the decisions of 
organization, policy and finance as well as in production, 


‘operation and management. 


Engineering Progress Depends on 
Co-Operation 


Just what part the free interchange of information 
has had in the development of the power industry is 
virtually impossible to determine. The fact remains, 
however, that the last decade, a period which produced 
more real practical developments than any other and 
raised the industry to an undreamed of position in the 
financial and industrial world, is coincident with what 
we may term a realization or admission of engineering 
as a collective rather than individual achievement. 

Pulverized coal, water walls, regenerative cycle, re- 
heat cycle, air preheaters and other developments that 
stand out as distinctive during this period can be re- 
garded as nothing more than practical applications of 
ideas which date back many years, some almost to the 
invention of the steam engine itself. 

Long years of gradual progress on the part of few 
engineers whose names are now history to establish our 
engineering societies and a longer fight to bring other 
engineers and manufacturers to a realization that the 
progress of engineering depends upon co-operative and 
not upon individual progress has begun to bear fruit. 

It cannot be denied that ten men working individ- 
ually but with complete knowledge of the others’ prog- 
ress will get much farther than the same ten men work- 
ing in complete ignorance of each other. So it is but 
natural that different companies, individuals and manu- 
facturers working together reporting results, tests and 
experiences with various equipment, will raise the stand- 
ard of engineering much higher than if working inde- 
pendently, each suspicious of the other and wasting ef- 
fort both in useless precaution and duplication. 

Co-operation among manufacturers, operators, engi- 
neers and engineering societies brings out the good and 
bad features in a fraction of the time formerly neces- 
sary. Each, year makes more complete data and test 
results of installation and new equipment. This prac- 
tice, however, is still far from universal but there is 
continued evidence of a growing co-operative spirit in 
the industry. 

We cannot believe, as some contend, that in making 
information regarding finished installations public there 
is any danger of putting others on the same footing. 
Although others may have the physical data, they lack 
experience which characterized the original development 
and, although they may advance, they must of necessity 
trail behind the leaders by a certain interval. 

Progress in central station practice for the last 10 yr. 
has been, we believe, largely due to the free interchange 
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of engineering information in the various societies and 
engineering periodicals and, although this free inter- 
change may have been in a few isolated cases of great 
disadvantage to certain individuals or firms, we believe 
it has been largely responsible for the rapid progress 


‘witnessed in power plant equipment and engineering 


during recent years. 





Power Standardization Needed 


With the possible exceptions of labor and steel prod- 
ucts there is no other item as intimately connected with 
modern industry as power and power production. Fun- 
damentally, this problem is the same for all industries, 
although in actual practice methods grow up peculiar 
to a certain industry. Sometimes there is good reason 
for these practices, although more often they are the 
result of narrowness, which causes that certain industry 
to develop within itself rather than take advantage of 
advances made in other lines. 

The paper mill engineer can pick up many valuable 
pointers by visiting other progressive paper plants but 
might it not be well to include a central station or two, 
a steel mill, a textile mill and other industries? Each 
one is developing new plans and ideas which might, 
with some ingenuity, be adapted to other industries. 
Similarly power engineers of mills, steel plants and 
metallurgical furnaces have much in common which 
might be pooled to their mutual advantage. 

If 1819 different forms of sheet steel could be re- 
duced to 261 with an increase of business and profits 
to both dealers and manufacturers, surely much could 
be accomplished in the field of power by co-operation 
of various industries. Standardization of equipment, 
elimination of many styles and models to reduce first 
costs, as well as the introduction and exchange of new 
ideas and methods, would accomplish much in the way 
of power cost reduction. This can be brought about 
only by the co-operation of power engineers in all in- 
dustries. 


HKyesight Conservation 


Of the 42,000,000 gainfully employed persons in the 
United States, more than 25,000,000 are handicapped 
by defective vision or eye strain. The economic waste 
resulting from this single source of deficiency is calcu- 
lated as being in excess of $30,000,000. That is the 
value of the actual waste and spoilage of material due to 
improper illumination and defective vision. 

Data gathered by the N. E. L. A. shows that only 
25 per cent of the 250,000 industrial plants in the coun- 
try are properly lighted and that a gain of 15 per cent 
in production would immediately result from better 
lighting. On this basis, it is estimated that the total 
economic gain possible through efficient lighting and 
proper eyesight conservation would amount to over three 
billion dollars a year. 

The problem of eyesight conservation is one of enor- 
mous magnitude. Many organizations such as the Na- 
tional Safety Council, the Eyesight Conservation 
Council and others, are carrying on or launching con- 
structive programs for remedying this condition. But 
it is the thought of many, who have studied the matter, 
that, in addition to industrial research and corrective 
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effort, the subject should be attacked as far back as the 
public schools where lighting conditions have too often 
been found far below standard. Children are tender 
subjects and their vision is much more readily impaired 
by improper illumination than the sight of their elders. 

A most important protective measure that is rapidly 
becoming employed is goggles. But a few years since, 
goggles were first advocated for those who were subject 
to flying particles, fumes, gases, intense light, and other 
vision-impairing elements. Today at least 35,000 men 
are enjoying full vision who might otherwise have been 
blinded. Singularly enough, the men who endured the 
hazards were hard to swing into line. This apathy on 
the part of the workman has resulted in compulsory 
use of goggles in many plants. But this drastic meas- 
ure has resulted in far-reaching benefit so that there can 
be no logical or sound objection raised against com- 
pulsion in this matter. 

Proper facilities for eye treatment should always 
be provided in industrial plants. Serious infections 
have been caused by one sympathetic workman trying 
to assist another by removing a foreign particle from 
the eye with a dirty match, stick or soiled handkerchief. 
First-aid and medical facilities for caring for eye and 
other injuries are essential to every establishment. 


Acknowledgment 

The success of any attempt to indicate the trend of 
development in a particular field of human endeavor 
depends, of necessity, upon the degree of completeness 
with which information can be gathered in regard to 
existing conditions in that field. For it is only from a 
eareful study, classification and analysis of such infor- 
mation that definite conclusions may be drawn. 

In dealing with such a complex thing as the power 
plant field, a field which has been characterized by 
phenomenal progress during the past few years and 
which is related closely to many allied fields, the gather- 
ing of data for an analysis is no small undertaking. 
It entails the co-operation of not only the manufacturers 
responsible for the design of new equipment but also 
that of the operators, who, by their increasingly exact- 
ing demands upon the manufacturers, are the instigators 
of all development. Between these, the operators and 
the manufacturers, are the designing engineers who act 
to utilize the products of the latter to the best advan- 
tage of the former, and their co-operation, too, is highly 
essential. 

In presenting to our readers the analysis of power 
plants contained in this issue, therefore, we wish, to ex- 
press our indebtedness to each of these three agencies 
for their splendid attitude in complying with our many 
requests for information. These requests, coming to them, 
as they did, at times when their own work, no doubt, re- 
quired all of their attention might easily have been re- 
garded as unnecessary annoyances but with negligible 
exceptions they met with only the most generous and 
courteous response. It is to the many who thus co- 
operated in making this issue possible that we take this 
opportunity of extending our grateful acknowledgment. 


THERE ARE 115 automobile manufacturers in the 
United States; 15 per cent of them do 90 per cent of the 
business. 
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DEVELOPMENTS AND NEWS 





Fifth New York Power Show Better Than Ever 


In Quauity or Exuisits, Diversiry oF EQUIPMENT FOR POWER PLANT, RE- 
FRIGERATION AND INDUSTRIAL ENGINEERS, AND IN NUMBER OF EXHIBITORS, RE- 
CENT DispLAY AT GRAND CENTRAL PaLace Exceeps ALL Previous EFrrorts 


ENERAL TRENDS TOWARD the use of higher 

pressures and temperatures in boilers and prime 
movers used in power plants during the past year or 
two, have naturally caused developments in every item 
of principal power plant equipment, as well as acces- 
sories, and this trend was fully illustrated at the Fifth 
Exposition of Power and Mechanical Engineering, held 
at the Grand Central Palace, New York City from 
December 6 to 11, 1926. 

Not only from the standpoint of quality of exhibits, 
but also in number of exhibitors and attendance, this 
Fifth Power Show surpassed all its predecessors. This 
year 490 exhibitors, using almost 700 booths, displayed 
their wares. The total registered attendance at the 
Show was 23,500, while the total attendance for the 
week has been estimated at between 90,000 and 100,000 
people. 

In the field of boilers, economizers, superheaters and 
such equipment, the use of higher pressures was reflected 
in the changes in design to produce the necessary 
strength as well as the resistance to extremely high 
temperatures. Boiler accessories, such as water gages, 
soot blowers and the like, were shown for this work, 
as well as new types of blow-off valves and a boiler 
draw-off process. Piping and pipe covering, too, de- 
signed for high pressure and temperature was of in- 
terest. 

To meet the new combustion conditions brought 
about by use of pulverized coal, and the use of boilers 
at higher ratings, with higher rates of combustion, man- 
ufacturers of refractories, refractory cements, water 
cooled walls of various types, showed many exhibits 
illustrating the variety of combinations of their equip- 
ment that can be adapted to this service. 

Several new and interesting types of small steam 
turbines illustrated the developments that have been 
made in reducing steam consumption of such units, in 
improving their mechanical construction to stand high 
duty service and in their applications through reduction 
gears for driving pumps, electric generators and the 
like. Several examples of large high pressure boiler 


feed pumps, together with many types of regulators for 
these pumps, aroused much interest. 

Particularly interesting were two or three types of 
combustion control systems of extreme sensitivity, com- 
- bined with ruggedness, and new types of meters and 
recorders. In commenting on a meter, developed by the 
A. 8. H. & V. E. for measuring heat transfer through 


the walls, a most sensitive and interesting apparatus, 
a local newspaper reporter enthusiastically declaimed 
that it would measure the blush on a woman’s cheek. 

Of particular interest to many industrial engineers 
were the exhibits of mechanical transmission equipment, 
such as anti-friction bearings, speed reducers, gears and 
chains, lubricants and lubricating equipment, and the 
exhibits of wood and metal working machinery, of 
which there were about eighty or ninety. 

Considerable equipment of interest to heating and 
ventilating engineers was shown by 188 exhibitors. This 
equipment included valves, thermostatic traps and ther- 
mostatic controls for heating systems, unit heaters for 
industrial buildings, refrigerating and air conditioning 
equipment and several interesting types of air filters, 
both of the cell type and of the moving element type. 

Throughout the Show there was evidence in the 
design of all equipment of a desire to promote safety 
to both equipment and operators by rugged design, pro- 
vision of automatic features wherever possible and de- 
vices to indicate proper or improper operation of equip- 
ment. 

As might be expected, in view of the prevalent in- 
terest in pulverized coal burning equipment, a great 
deal of this was shown. Several types of unit pulveriz- 
ers were shown, together with new types of burners for 
producing turbulent action and giving better combus- 
tion. Coal and ash handling machinery and coal prep- 
aration equipment attracted considerable attention espe- 
cially two models of the drag scraper in actual opera- 
tion of handling coal to miniature power plants. 

Several educational exhibits attracted the attention 
of visitors. The Magnus effect, as applied in the Flett- 
ner Rotor ship, was shown by motion pictures instead 
of by a working model, as had first been intended. V. 
L. Sherman, of Lewis Institute, demonstrated a method 
for making isometric drawings to scale of complicated 
piping layouts, which were extremely difficult to show by 
the standard orthographic projection method. General 
Electric Co. demonstrated a photo-electric cell to meas- 
ure minute changes in quantity of light, together with 
a device by which the movement of the molecules of a 
piece of steel, while it was being magnetized, could be 
heard. An extensive program of motion pictures, show- 
ing developments .and uses of metals, coal, electricity 
and many other materials, was presented each day at 
the Show. 

At the booth of Combustion Engineering Corp. one of 
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the interesting items was a full sized Couch burner, 
designed for forced draft, with a Scene-in-action show- 
ing its application for horizontal firing. In this burner 
was illustrated the method of producing turbulence of 
the flame by injecting a stream of pulverized coal and 
primary air and then injecting the secondary air through 
vanes in such a way as to produce a swirling motion of 
the stream. This Scene-in-action also showed one of the 


ENGINEERING 81 


for vertical firing, designed for forced draft work, was 
shown, together with a new Lopulco feeder. The burner 
is designed for introduction of preheated air, is provided 
with baffles at the nozzle and is designed to handle 
between 2500 and 3000 lb. of coal an hour. On this 
feeder changes have been made in the gear drive, im- 
provements in the method of introducing primary air 
to give better mixture, and a fuel agitator has been pro- 
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INSTRUMENT MANUFACTURERS DEMONSTRATED NEW TYPES OF INDICATORS, RECORDERS AND METERS FOR 


ALL SERVICES 


typical combinations of various CE products to form a 
complete steam generating unit. This unit was made 
up of a Ladd boiler equipped with a Fin tube furnace, 
fired by Couch burners, a Lopulco water screen, a C-E 
air heater and a Combusco ash conveyor. A C-E unit 
system, as installed at the Cumberland Mills, was also 
exhibited, showing improvements in the design of the 
Raymond Impact Mill, which is equipped with a pneu- 
matic classifier, a double cyclone, and a leveler on the 
cups of the star feeder. A new type of Lopulco burner 


vided just above the screw to prevent clogging and 
bridging. 
Peabody Engineering Corp. called attention to the 
Peabody Viscosity regulator, designed to regulate the 
viscosity of oil being supplied to oil burners, regardless 
of the quantity or quality of oil involved. Attention 
was also called to the new three-fold burner designed 
for burning of oil, gas and pulverized coal. 
Fuller-Lehigh Co. exhibited a new type of highly 


‘turbulent burner, known as the Calumet burner, de- 
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signed especially for adaptation to the Bailey furnace 
wall construction. In this burner, primary air, carrying 
the pulverized coal, is injected into the furnace through 
a long, narrow, vertical slot between the water cooling 
tubes. The secondary air enters through ports on either 
side of the primary jet, these ports being at an angle 
with the primary air jet and staggered instead of oppos- 
ing each other. The burner is made in capacities up to 
8000 lb. an hour. Another recent type of pulverized 
coal burner, known as the Bailey Tenney burner, was 
also shown. This consists of a center pipe or nozzle 
through which the primary coal and air are forced into 
the furnace, an adjustable cone being inserted in the 
discharge opening to spread the flame. The secondary 
air, which enters the furnace through the annular space 
around the center pipe is swirled by the burner vanes 
to give a thorough mixture of coal and air. This is the 
type of burner recently installed at Ashley St. Station. 

A new type of pulverizing mill, known as the Lehigh 
pulverizing mill, was also of interest. This is of the 


air separator type but can be manufactured in the 


screen type if required. It is available in capacities 
up to 20 t. an hour and is-made for either the unit or 
the bin system. 

At the booth of Neemes Foundry, Inc., was shown a 
new hand operated stoker, having grate bars propor- 
tioned to give ample strength and surface and provision 
to prevent sifting of coal to the ash pit and wedging 
of bars. 

On the Atrita, manufactured by Riley Stoker Corp., 
attention was called to changes in construction. The 
pulverizing rotor is now arranged in two stages, 
the first, for the preliminary pulverizing, being 
equipped with manganese steel hammerheads, the sec- 
ond stage having the regular arrangement of round 
pegs which have been increased in size to 2% in. 
A new type of high side grate block and changes in 
design of the general grate blocks on the Riley under- 
feed stoker were shown. For the Jones stoker a new 
type of overhead poppet valve has been designed to 
eliminate steam leakage. This valve is of the same type 
as an automobile valve and actuated in the same way by 
a cam shaft and rocker arms. 

Furnace Engineering Co. had on display one of five 
Simplex unit pulverizers of 4500 lb. capacity, as sup- 
plied to a recent power plant showing the motor drive 
through a Link-Belt chain, the magnetic separator ar- 
‘rangement and the arrangement of the rotor. It also 
exhibited the Simplex induction type pulverized coal 
burner. 

Erie City Iron Works, in showing the Unitype pul- 
verizer, called attention to the way in which the rotor 
of the machine had been shortened, to changes and sim- 
plification in the pulverizing chamber, the adjustable 
feed sleeve and the separate motor drive on the feeding 
device to secure wide feed ranges. This company also 
showed an example of its new water cooled wall construc- 
tion, consisting of water tubes surrounded by refrac- 
tories and a drawing to show how this wall is applied 
in its three drum boiler to produce what is called the 
basket type of furnace. 

McClave-Brooks Co. displayed a new type of chain 
' grate stoker with mechanical drive, one type designed 
for anthracite and coke breeze, the other type for all 
grades of bituminous and lignite. One of the principal 
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features of this unit is the link which ean be replaced 
without stopping the chain. 

Vastine Sales Corp. showed a new model of its fur- 
nace fire observer for inspecting conditions inside the 
furnace, as applied to the fin tube wall type of furnace. 

Ray rotary fuel oil burners, of a recently developed 
type, were shown by Preferred Utilities Co., Ine. In 
this burner an atomizing cup mechanically reduces the 
incoming oil to a thin film by centrifugal force, and the 
oil leaving the cup at high speed in tangential direction, 
is met by an impact of air from the fan, driven at an 
angle in the opposite direction. 

The making of repairs on a National arch was illus- 
trated at the booth of the M. A. Hofft Co. by a motion 
picture and information was also available on refuse 
burning equipment. ; 


FURNACE CONSTRUCTION 


McLeod & Henry Co. called particular attention to 
its flat suspended arches and to its design of an air 
cooled furnace wall. This employs specially constructed 
pyramid blocks of the interlocking type, the wall being 
laid up usually with two courses of pyramid blocks, fol- 
lowed by a header course. Steel mixture veneer wall 
blocks were also shown. 

In a well arranged and attractive booth the Celite 
Products Co. featured a small furnace in which a tem- 
perature of 2100 deg. was maintained, the top part of 
the furnace being made partly of Sil-O-Cel and partly 
of fire brick. This was designed to show how with 
water boiling in a beaker set on the fire brick, the hand 
could be rested on top of the Sil-o-Cel with a furnace 
temperature of about 2100 deg. underneath the two. 
Sil-O-Cel super brick, designed for service from 2500 
to 2700 deg., was also exhibited. Part of the display 
was devoted to Celite, especially as. it is used in concrete. 

Power Specialty Co. featured examples of Foster 
water cooled furnace wall construction, known as the 
composite water wall. This wall is composed of 4-in. 
tubes, covered with cast iron blocks which are machined, 
carefully fitted and shrunk on the tubes. The elements 
are backed up by refractory tile and are supported at 
the top by angles, with spring suspension at the bottom. 
The Foster Composite Water Back for stokers also at- 
tracted much attention, as well as the Aero Pulverizer. 
One of the interesting features exhibited at this booth 
was a new steam table issued by the company as Publica- 
tion 211-1, giving the properties of steam up to 1200 lb. 
absolute pressure and 300 deg. of superheat. This table 
has been prepared as a result of the recent research 
work done on the properties of steam. The bulletin is 
bound in such a way that the leaves can be removed 
and placed in the steam tables for reference. 

American Arch Co., Inc., featured the new Ameri- 
ean air cooled walls type C, calling special attention 
to the vertical and horizontal duct connections, the spe- 
cial joints to prevent infiltration of air and provision 
for relieving expansion strains by allowing for expansion 
of each individual block. 

At the booth of Insulating Products Corp., Webers 
No. 48 insulating cement, designed primarily for use on 
flues and ducts, was displayed. This is a silica fibre, 
with ° sufficient asbestos added to insure structural 
strength, and a special clay for a binder. Mixed with 
water, it forms an easily applied plastic cement. 
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The Korfund Co., Ine., exhibited a two-ton York 
motor driven ammonia compressor, set on the new Kor- 
fund vibro-dampers, to show the absence of vibration 
transmitted from the machine. These dampers consist 
of a spring supported casting bearing the weight of 
the machine, arranged with Korfund insulating mate- 
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of a hollow rubber gasket containing water under mod- 
erate pressure designed for turbine exhaust nozzle joints. 
Cork Foundation Co. exhibited standard plate of 
natural cork, known as Absorbo, for the isolation of 
vibrating machinery. 
Keystone Refractories Co., 


featured the Keystone 
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FIGs. 8-15. FURNACE WALLS, BOILERS, PULVERIZED COAL EQUIPMENT AND ACCESSORIES WERE ATTRACTIVELY DISPLAYED 


rial between this support and the housing and base plate. 
Horizontal and vertical vibration was measured by a 
vibro-meter. Korfund Foundations exhibited in mat 
form, as installed under machines which require heavy 
concrete foundations, or cause severe horizontal vibra- 
tions, were also displayed. The company also showed 
the Alden turbine condenser expansion gasket, consisting 


Sprayer, designed to shoot plastic refractory materials 
involving Durastix and Steel Veneer on to furnace walls. 
Norton Co. featured a section of a boiler furnace 
wall as used with stoker settings with Crystolon bricks 
at the clinker line. 
Johns-Manville, Inc., called attention particularly to 
Superex combination pipe insulation designed for tem- 
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peratures up to 1500 deg. This material is applied with 
a protective coating over it of standard 85 per cent 
magnesia. The company also featured Transite insu- 
lated roofing designed to prevent condensation on the 
underside of roofs. 

Bitumastie solution, a coating for the protection of 
steel and iron, was shown by the Wales-Dove-Hermiston 
Corp., and the use of Hermastic paints for protecting 
the inner surfaces of coal and ash bunkers, were illus- 
trated in a miniature coal bunker model. 

Botfield Refractories Co. called attention to an arch 
laid up with Adamant refractory cement, in which the 
whole weight of the arch, totaling about 115 lb. was 
supported by one joint between two of the bricks. It 
was also stated that Adamant is designed to maintain 
its bond through the complete temperature range to 
which refractories are subjected. Attention was also 
called to its use as a binder for chrome ore under 
severe slag conditions in steel mills. 

A working demonstration of the method of placing 
Hi-tempite cement on refractory walls was given by the 
Quigley Furnace Specialties Co., using a quarter size 
model of its refractory gun. Photographs of this gun 
in use showed that it had been employed in handling 
cement slurry in marine work with the gun 80 ft. from 
the working nozzle. An interesting test, using zinc 
strips with letters painted on them in Quigley triple A 
solution, and then immersed in concentrated hydro- 
chloric acid, showed the protective action of this coating. 

The Liptak type S air cooled wall and type X air 
cooled wall, designed to be self-supporting, and based 
on the double suspended arch principle, was shown. by 
Liptak Firebrick Arch Co. as applied to pulverized coal 
furnaces. 


A. P. Green Firebrick Co. called particular attention | 


to ’Sairset Firebrick cement, an air setting cement de- 
signed to give a perfect bond without heat, to be ap- 
plied for all temperatures and under heat to form a 
smooth, protective monolithic furnace lining. 

Drake Non Clinkering Furnace Block Co. showed 
various types of walls set up with the T and U shape 
blocks for air cooled walls, in both fire clay and silicon 
carbide types. The S-X air cooled wall, showing both 
the vertical and horizontal openings, was also featured, 
this wall being constructed so that each section is a unit 
in relation to the whole wall. 

Bernitz Super blocks, known as the S-100 series, and 
made of Carbofrax, were displayed by Bernitz Furnace 
Appliance Co. In making up a hollow wall with these 
blocks, both the tee and box locks are used, the design 
giving a series of vertical ribs to produce substantial 
construction. 

Monolithic furnace construction of new design, using 
Plibrico, ‘was featured by Plibrico Jointless Firebrick 
Co., showing the flexible anchors used for securing Pli- 
brieo Jointless Walls to allow for vertical and horizontal 
expansion. 

General Refractories Co. directed attention to Bias- 
brix designed to be set on the bias in laying up the wall, 
thus producing a self-locking action and minimizing 
heat leakage. It also displayed examples of Grefco, a 
high temperature chrome cement. 

The Engineer Co. featured the Enco Electric Com- 
bustion Control equipment, designed to utilize the over- 
fired draft control principle, combined with pressure 
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regulation. A drop in steam pressure actuates the con- 
troller of the forced draft fan, speeding it up, and at 
the same time adjusts the boiler damper and the coal 
feed to compensate for the new condition. The regu- 
lation of the damper is also compensated for variations 
in atmospheric conditions. 

At the booth of Hagan Corp. another small boiler 
was set up with commercial type of combustion control 
equipment to show the centralization of the Hagan con- 
trol at one point. A master control panel, actuated by 
variations in steam pressure and load, is operated by 
compressed air and transmits its regulation pneumati- 
cally to the draft equipment, coal feed and auxiliaries. 
Special attention was also called to the motor driven 
centrifugal pump now supplied on the de-concentrator, 
when applied to high pressure work. 

In exhibiting full size commercial types of its com- 
bustion control equipment as applied to the control of a 
small gas-fired boiler, Smoot Engineering Corp. called 
attention to the action of its new graduated excess 
pressure regulator for use on boiler feed lines, which 
varies the excess pressure in proportion to the square 
of the rating of the boiler in order to get the same water 
level for different ratings. 

Of particular interest in control equipment, was the 
display of the dual thermostat by Johnson Service Co. 
This thermostat, which is of the pneumatic type, allows 
variation in temperatures to be made in various parts 
of the same building so that rooms that are not being 
used can be kept at lower temperatures than used rooms, 
at the same time maintaining true temperature regula- 
tion in both cases at once. 

The Leeds & Northrup Co., in exhibiting its new 
combustion control equipment, showed how this con- 
trol is based on an electric current which varies directly 
with the load on the boilers, this current being equally 
divided among the active boilers. At each boiler air 
flow and fuel feed are held in constant ratio to this 
control current. This company also showed the new 
Selsin remote indicator attachments with 24-in. dials, 
designed to be applied to any. of its recorders. 


SteAM TURBINES AND OTHER Prime Movers 


Elliott Co., in an attractive exhibit, showed a com- 
plete 100-kw. geared turbo-generator set, consisting of 
a Kerr steam turbine, a reduction gear and a Ridgway 
generator. The casing was open to show the construc- 
tion of turbine wheels, the governor mechanism and the 
bearing arrangement. _ 

The Terry Steam Turbine Co. featured the rotor 
of a multi-stage 500-kw. steam turbine, built in sizes up 
to 2000 hp. for high pressure or mixed pressure work, 
and also for bleeding. The unit shown was for 200 lb. 
operating at 3600 r.p.m. These units can exhaust or 
bleed up to 100 lb. or more. A steel case, pedestal bear- 
ing, auxiliary drive turbine, of 200 hp. capacity, was 
also shown, designed for 450 lb. throttle pressure and 
2 lb. back pressure at 300 r.pm. <A 120-hp. non-con- 
densing turbine was also shown, the feature being the 
one-piece wheel machined from a single forging. 

Moore Steam Turbine Corp. called particular atten- 


_ tion to its turbine oil relay governor, mounted so that 


it could be motor operated entirely independent of a 
turbine. A small movement of the governor actuates 
the mechanism positively by oil pressure, controlled by 
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a pilot valve, and a floating lever prevents hunting. 
There was also shown a four-stage, double-suction, 4-in. 
boiler feed pump, driven by a 7-stage steam turbine. 
Westinghouse Elec. and Mfg. Co. showed several in- 
teresting types of steam turbine. The largest of these 
was a 150-kw. geared unit for mechanical or generator 
drives. In this unit the gear and turbine are in the 
same casing with only four bearings instead of six, the 
turbine wheel being overhung on the end of the pinion 
shaft. An oil governor is used, the impeller for it 
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tion was called to the single oil ring, the labyrinth and 
water-sealed glands, the construction of shrouding by 
which blades are fastened in groups of six or seven and 
welded. This unit has its support entirely at the cen- 
ter line so that it is free to expand and contract in all 
directions and is equipped with a centrifugal governor. 
A 7.5-kw., direct-connected turbo-generator set, of the 
same general blade construction as the 2-A M D unit, was 
shown, designed for 125 or 250 v., 4000 r.p.m. and 5, 
74%, 10 and 15 kw. <A model of the new Westinghouse 
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FIGS. 16-21. VARIOUS TYPES OF VALVES SHOWED DEVELOPMENT TO MEET HIGH PRESSURE AND TEMPERATURE CONDITIONS 


being on the end of the pinion shaft, and delivering oil 
at 60 lb. pressure to a piston in the steam chest. Oil 
from the governor system is also furnished to the bear- 
ings at 5 lb. through an ejector. The restraining ring 
and the safety pin on the turbine wheel were shown. 
This unit is also equipped with an external oil cooler 
and an auxiliary steam-driven reciprocating pump for 
the governor, which is thrown in automatically if neces- 
sary. A type 2-A MD steam turbine of 85-hp. capacity 
was also featured, showing the two reversing chambers, 
giving the effect of three stages in a single rotor. Atten- 





side retort underfeed stoker was also shown. This is 
designed for wide range of speed for fluctuating loads 
and for furnaces that are too narrow to accommodate 
a center retort. stoker wide enough to give sufficient fuel 
travel between the retort and the dump grate. 

The D. E. Whiton Machine Co. called attention to 
its Lee steam turbine for boiler feeding, equipped with 
a constant excess pressure governor, designed to main- 
tain a constant excess boiler feed water pressure over 
the boiler pressure regardless of the latter quantity or 
of the quantity of water being pumped. 
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Standard Turbine Corp. featured its new direct-cur- 
rent, 125-v., turbine-driven lighting sets in capacities up 
to 10 kw. It also showed a four-stage turbine, calling 
attention to the dises made from rolled forgings, the 
exhaust end bearing and the steam end bearing de- 
signed to take care of expansion, the ball bearing gov- 
ernor and the one-piece valve bushings and seats. 

The new four-cylinder Diesel engine generating set 
in the 36-kw. size was featured by Fairbanks, Morse & 
Co. This is designed for 650 r.p.m. and will be fur- 
nished in one, two, three and four cylinders, for 10, 20, 
30 and 40 hp. respectively. Cylinders are cast in block, 
the solid injection principle is used, and a built-in com- 
pressor is a feature. It was originally developed for 
marine work. In addition to its standard line of ball 
bearing motors, this company also showed a double 
squirrel-ceage motor, equipped with two independent 
rotors for across the line starting, together with a line 
of non-brush-lighting, single-phase, sleeve bearing mo- 
tors. 

Sterling Engine Co. displayed an 1800-hp. gasoline 
engine and a 225-hp. engine, both designed to operate 
at 1200 r.p.m. for driving pumps, generators and the 
like. A crankshaft from this type of engine was shown 
to illustrate the dynamic balancing which permits this 
high speed. 


CENTRIFUGAL AND RECIPROCATING PUMPS 

Nash Engr. Co. displayed single-stage, 3600-r.p.m. 
centrifugal pumps of 40 to 50 g.p.m. capacity for pres- 
sures up to 100 lb. for general pumping service. Of 
special interest was a vacuum pump for use on flat boxes 
of paper mills, a separate pump handling white water, 
an air pump taking off the air and the whole being 
driven by a synchronous motor, the three rotors being 
on one shaft. Small centrifugal compressors of 200 
e.f.m. capacity for pressures up to 20 lb. were also 
shown. 

Bethlehem Steel Co. showed a Weir turbine-driven 
boiler feed pump, built in capacities up to 90,000 gal. 
per hr. 

Buffalo Forge Co. called attention to its new type 
S F single-stage pump shown in a 3-in. model. This is 
designed for motor or turbine drive up to 3600 r.p.m. 
and for heads as high as 500 lb., and is of the double- 
suction type. It also had a 2-in., class C H, single-stage 
centrifugal pump for general service. 

The American nonclogging centrifugal pump, de- 
signed to handle water containing any mineral, animal 
or vegetable matter, or to handle sewage, was shown by 
the American Well Works. 

Warren Steam Pump Co., in addition to various 
types of its recent double-suction centrifugal pump, 
ealled special attention to a condenser circulating water 
pump runner of the Francis type. This was originally 
designed for marine work and the runner was of com- 
pact design. This particular unit was designed for an 
18-in. discharge, 600-r.p.m., 9000-g.p.m. and 26-ft. head. 

The Frederick Iron & Steel Co. exhibited double- 
suction, single-stage centrifugal pumps and a three-stage 
centrifugal pump. A 1-in. house pump was shown for 
30 g.p.m., 35-ft. head, 1750 r.p.m., driven by a 34-hp. 

“motor. Information was also given on the Frederick 
separator, of the revolving roll type, for grading coal 
and coke. In this separator the material, agitated by 
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the revolving rolls, flows lengthwise over them, and all 
pieces small enough to pass between the rolls are 
removed. 

Manistee Iron Works Co. called attention to an 
8-stage Roturbo pump, designed for 750 g.p.m. and 
operating at 1750 r.p.m. against 1000 lb., and at 2300 
r.p.m. against 750 Ib. 

The principal feature of the exhibit of Worthington 
Pump & Machinery Corp. was a type TS high-pressure 
boiler feed pump, one of three supplied to the Wauke- 
gan Generating Co. This is a 4-in., 8-stage unit, de- 
signed for 600 g.p.m. against 830 lb., handling water 
at 260 deg. and consuming 500 hp. This pump is made 
in two types, the type T—S having single suction with 
diffusion vanes, the type H—B having a volute casing, 
single suction, with no diffusion vanes. A bronze cas- 
ing is used and hydraulic balance is secured by the 
dise and drum method. Another feature of the exhibit 
was the Axiflo sump pump, set up to show the motor 
thrust bearing, carrying the total thrust of the unit, 
the stuffing box to prevent oil leakage and the axial 
flow impellor of the open type, designed to eliminate 
close clearances and wearing rings. New pumps, of the 
single-stage, double-suction, ballbearing type, with hori- 
zontal split casing, were shown for heads up to 250 ft. 
at 500 g.p.m. and 3600 r.pm. The R, S and V series 
of the same type are made in smaller sizes down to 65 
g.p.m. at 160 ft. head. 


ELECTRICAL EQUIPMENT | 


Some new and interesting types of motors and motor 
control were shown by General Electric Co., especially 
adapted for industrial work. Among these were a mag- 
netic switch, type CR 7006 D4, equipped with tempera- 
ture relays, and push button control. Also a compen- 
sator, with temperature load relays and accelerating 
relays. A new type CR 1034 high-voltage compensator 
was shown, having in addition to the temperature and 
accelerating relays, a time delay drop out feature and 
an extremely high rupturing capacity. The feature of 
the exhibit, however, was the centrifugal G-E air com- 
pressor, designed for motor or turbine drive, and built 
in sizes from 250 to 75,000 e.f.m. This compressor is 
designed to give a constant pressure over a wide varia- 
tion in volume, with low power consumption and a 
steady, even flow of air, free from pulsations. 

Improvements have also been made in the G-E elec- 
tric-type flow meter. The instruments are now com- 
pensated for voltage variation, thus eliminating the need 
for a voltage regulator with the meter. On the meter 
itself, a welded steel body has been provided, designed 
for 600 lb. pressure. ' 

The Cutter Electrical & Mfg. Co. exhibited a 4000- 
amp. ITE carbon circuit breaker of 3-pole design, for 
440 v. a.c. with a solenoid closing mechanism for remote 
control. A 3000-amp. toggle switch, of the single-pole 
type, for 250-v. d.c. service was also shown, together 
with a 250-v., d.c., 800-amp. field discharge switch. A 
number of U-Re-Lites were exhibited, the most interest- 
ing one being a type L.L. 1000-amp. unit. 

Allis-Chalmers Mfg. Co. featured a new enclosed 
self-ventilating motor, running in a cabinet full of dust, 
to show how it excludes dirt, dust, drippings and splash- 
ings under difficult industrial conditions. This motor 
was equipped with Timken roller bearings. Other items 
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of particular interest were the Reyrolle armor-clad 
switch gear, and various applications of the Texrope 
drive. 


PIPING, VALVES AND VALVE CONTROL EQUIPMENT 


The Chapman Valve Mfg. Co. featured a large 
motor-operated valve of chrome nickel steel, designed 
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of. square and round-cornered Van Stone joints and ex- 
amples of pipe swedging. 

Yarway Type C tandem blowoff valves, a recently- 
developed type, with the lower packing ring protected, 
were exhibited by Yarnall-Waring Co. These valves are 
made for service from 750 to 1200 lb. Of particular 
interest also, was the improvement made in the hump 
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FIGS. 22-27. 


SMALL TURBINES, PUMPS, CONDENSERS AND THEIR ACCESSORIES AND A NEW REFRIGERATING MACHINE 


WERE FEATURED 


for working pressures of 600 lb. and total temperatures 
of 750 deg. The company is also making 900-lb. valves 
to withstand total temperatures of 1200 deg. As a re- 
sult of research work carried on by the company, data 
have been obtained on causes of bolt failures under 
severe conditions. 

An Atwood 6-in., 600 lb. gate valve with a Liberty 
valve operator equipped with a safety clutch was fea- 
tured by Pittsburgh Valve, Foundry & Construction Co. 
An interesting exhibit was also made of pipe fabricat- 
ing work for 400-lb. service. This exhibit showed the 
Atwood line weld, the Atwood interlock neck, examples 


fittings of the company’s involute spray nozzle for spray 
ponds. 

At the booth of the Edward Valve & Mfg. Co. was 
shown the new offset valve, designed for 600 and 900-lb. 
work, according to the standards of the A.E.S.C. This 
design provides for equal sections of metal throughout 
the body of the valve, to equalize the expansion and 
contraction strains. The inlet and outlet passages are 


offset, thus conducting the expansion stresses of the pipe 
line and valve on lines passing above and below the 
valve seat. 

The Lunkenheimer Co.- exhibited a 6-in. horizontal 
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swing check valve of cast steel with monel metal mount- 
ings, designed for 400, 600 and 900-lb. service. Also 
a 10-in., motor-operated gate valve for the same pres- 
sures, equipped with a bypass. 

G. M. Davis Regulator Co. displayed a wing disc 
nonreturn valve for turbine bleeder lines, air and gas 
lines, condenser outboard lines and so on, made in sizes 
from 6 in. to 42 in. inclusive. This is designed to be 
noiseless, to eliminate pressure drop across the valve, 
to have greater port area, and is of the multiple spring 
type with stainless springs. 

The Wonder portable pipe bending machine, de- 
signed to bend cold pipe without filling it with any 
substance, was exhibited by the American Pipe Bending 
Machine Co., Ine. These machines are both hand and 
motor-operated and can be furnished to bend pipe in 
sizes up to 20 in. 

Coffin Valve Co., in exhibiting the Dow dise arm 
pivot valve, used as a check valve in pump discharge 
lines, called attention to the operation by hydraulic 
cylinder, which prevents slamming. In exhibiting an 
8-in., motor-driven gate valve, actuated by the Kelty 
drive, attention was called to the clutch, which is of the 
series parallel multiple dise type, inserted between the 
motor and the valve. <A centrifugal switch gives over- 
load protection and also acts as a limit switch in the 
closing of the valve. 

A new type of solenoid-operated safety valve, for 
pressures up to 1200 lb., was shown by Manning, Max- 
well & Moore, Ine. This valve was controlled by the 
Ashcroft pressure control system and incorporates a 


pilot valve actuated by the control which in turn ac- 
tuates the main valve. 

National Tube Co. exhibited pipe coils, Van Stone 
joints, pipe bends designed to show the ductility and 


toughness of the metal. It also had a working model 
showing the welding scale-free process as applied on 
butt-welded pipe, in sizes from 3 in. down. There was 
also shown pipe from 4% in. to 96 in., using the lap 
weld from 4 in. to 20 in.; however, this company can 
make lap welded pipe down to an inch and a quarter. 
Hammer welded pipe was shown from 20 in. to 96 in. 

Framanco forged steel pipe fittings were featured 
by Continental Valve & Equipment Co. The octagon 
ends of these fittings were especially noted, as these are 
designed to add strength to permit the use of a flat- 
faced wrench and to prevent tearing of the corners. 

Everlasting Valve Co. called especial attention to 
the new boiler draw-off Wylie-Wilson process. In this 
process a closed drawoff tank suitable for full boiler 
pressure is interposed between the boiler blow-off valve 
and the discharge valve to sewer. The blow-off water 
withdrawn from the boiler passes into the drawoff tank 
and, when a predetermined amount of water has been 
drawn off at a predetermined velocity of flow, the dis- 
charge from the boiler automatically ceases. The water 
is then withdrawn from the tank, preferably not at 
boiler pressure but at greatly reduced pressure. The 
company also exhibited the new duplex blowoff unit, 
consisting of an Everlasting valve, followed by an angle 
valve of special construction. 

Jenkins Bros. showed its new rapid action valve for 
‘ industrial service, made to be opened by a short pull 
of a lever and to remain open automatically. This is 
made for service up to 200 lb. The Jenkins modulating 


January 1, 1927 


valve for radiators was shown, having the disc and seat 
in a vertical plane, thus preventing trouble from scale 
and condensation. 

Foster Engineering Co. called attention to a new 
special chrome mixture, which forms ‘a new metal for 
use in valve construction. 

A pilot-operated hydraulic valve was denned by 
Homestead Valve Mfg. Co., together with the standard 
types of Homestead valves ‘for pressures up to 3000 Ib. 

An interesting header exhibited by. Pittsburgh Pip- 
ing & Equipment Co. was made of 10-in., extra heavy 
pipe. One end was swedged to 8 in., with a rolled flange 
serewed on and welded; the header also had one 10-in., 
rolled steel Van Stone flange, one 6-in., American patent- 
welded neck, with rolled Sargol flange, and one 4-in., 
butt-welded neck with rolled steel male and female Van 
Stone flange. 

The Wm. Powell Co. showed a 6-in., motor-operated 
valve of steel for 400-lb. superheated steam service. The 
Powell No. 2 clean cup was shown. This is a grease 
cup with an Alemite fitting for refilling the cup, which 
is automatic in its action, 

E. B. Badger & Sons Co. exhibited 8-in. Badger ex- 
pansion joints of the self-equalizing type, equipped with 
monel sleeves for high temperature. Another form of 
this unit is made double and can be furnished with 
nipples to allow welding into the line. 

Walworth Co. featured a 12-in., 400-Ilb. gate valve 
with motor drive to call attention to the ball bearing 
yoke and other construction features. An actual work- 
ing model of the testing machine used to apply a 125-lb. 
air test under water to all Kewanee unions was set up. 
Sixteen different valves of various types were shown 
entirely disassembled. 

Henry Vogt Machine Co. exhibited its full line of 
drop forged steel valves and fittings for steam or hy- 
draulic pressures up to 10,000 lb. on the fittings, and 
6000 on valves. The valves made for 900-lb. work are 
designed for a total temperature of 1000 deg. F. 

The Dean Swingate valve is a recent development 
of Payne Dean, Ltd. This valve is designed in such a 
way that pressure keeps the seats, packing and bonnet 
tight and pressure and velocity close the valve. <A 
grinding gear is a feature of this valve and it is de- 
signed for small head room. Two of these valves were 
exhibited in the 8-in. size, one designed for air motor 
control and for a closing time of 21% sec., the other de- 
signed for electrical operation. An interesting station 
load indicator, consisting of a projection apparatus by 
which the figures can be thrown on a screen in any size, 
was also featured by this company. 

Chas. Cory & Son, Inc., featured especially its seam- 
less metal hose for steam, gas and oil. This can be 
supplied for pressures as high as 10,000 Ib. and has 
had extensive application for Diesel engine exhaust and 
for steam-jacketed hose. For heavy duty service, it is 
used inside the interlocking metal hose that this com- 
pany has previously made. 

Midwest Piping & Supply Co. exhibited a 4-in. pipe 
with a Midwest joint deflected 3 deg. and held under 
1200 lb. pressure. It also showed how its process for 
rolling of flanges gives a flange thickness greater than 
that of the original wall and-how rolling improves the 
erystal structure. It also exhibited samples of the Van 
Stoning of wrought iron pipe. 
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STEAM AND VacuuM TRAPS 

Bundy Steam Trap Co. exhibited a new 1-in. trap, 
designed for feeding small boilers and incorporating the 
same features of design as are used in its larger units. 
These include the ground joints at trunnion and elbow 
connections, knife edge bearings, monel valve seats and 
discs and other features. 

Sareo Co., Inc., called attention to its new heavy 
service and blast trap No. 9-3 for vento coils and the 
like. These are supplied in capacities from 1000 to 
2000 lb. per hr., designed to handle from 3000 to 6000 
sq. ft. of direct radiation. The Sarco packless inlet 
valves were also shown. 

Armstrong Machine Works exhibited a new com- 
pound trap for handling large volumes of water under 
high pressure. These traps are fitted with piston- 
actuated valves which handle the major flow of water, 
although the upper valve is also wide open and dis- 
charges a large amount. 

The great mystery announced by Wright-Austin Co. 
was solved by the discovery at its booth of the new 
Wright-Austin bucket trap, a prize of $200 cash being 
offered for a name for this trap. It has a special re- 
grinding valve, large capacity at pressures up to 400 lb. 
per sq. in., automatic air discharge feature, monel metal 
valves and seats and straight line connections. Another 
feature was the water gage for 400-lb. service. This is 


made with a forged body, nickel steel floats tested to 
1200-lb., high and low water alarms and double arm 
trycocks. 

Warren, Webster & Co., in a complete working setup 
of a heating system, featured its Series 78 thermostatic 
trap, class 2, for pressures to 50 lb., and class 3, to 


100 Ib. 

In the Nicholson supertrap, featured by W. H. 
Nicholson & Co., a large discharge valve is operated by 
a steam piston. This company also exhibited its flexible 
coupling, consisting of two cast steel hubs, keyed to 
their respective shafts with dovetail slots to receive 
floating keys which connect them. 

Kieley & Mueller, Inc., displayed a low-pressure re- 
turn trap and air eliminator for use on vapor heating 
systems. 

Freep WATER CONTROL, REGULATORS 
Mercon Regulator Co. had on exhibit one of the larg- 


est pump regulators in existence, built for use in the- 


plant of a large public service company, and designed 
for 630-Ib. steam pressure, 780-lb. water pressure and 
a capacity of 900 g.p.m. This company also demon- 
strated by diagrams and charts its new arrangement of 
the Mercon Regulator, installed on the downstream side 
of a water level controller. 

The Fisher Governor Co., Inc., called attention to 
its new electric float switch, suitable for various types 
of work for pressures up to 400 lb. and for high tem- 
peratures. In this switch a ball float actuates a snap 
switch which in turn controls a valve, a bell or any 
other desired equipment. On the type 235 liquid level 
controller, also shown here, a new type of pilot valve 
has been provided. This arrangement permits remote 
control by the float up to 200 ft. Another item shown 
was the gas governor for gas-fired boilers. This regu- 
lates boiler pressure by regulating the flow of gas to 
the burners. 
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On the type S differential pressure regulating valve, 
shown by the S-C Regulator Mfg. Co., a new model was 
shown, designed to give variable differential excess pres- 
sure for boiler feeding. A drainage control, designed 
to prevent air-binding, was also featured, and a model 
of the high pressure boiler feed pump governor for 
service up to 1000 lb. pressure was shown to illustrate 
the design without stuffing boxes. 

Mason Regulator Co. featured a new reducing valve, 
No. 192, designed specially for district heating service. 
This valve is provided with a bypass in the body and 
is designed to shut off automatically if the pressure 
fails on the low-pressure side, as in the case of a pipe 
or radiator breakage. On the No. 130 hydraulic regu- 
lator, attention was called to the ball bearing rolling 
weights. 

Specially featured by Ruggles-Klingemann Mfg. Co., 
was the General Electric controller panel, actuated by 
an R-K differential pressure controller, mounted on the 
rear of the panel, as applied to boiler feed service. The 
dual motor, step action, hydraulic regulator was also 
featured in a working model, the motors being both 
compensated for live steam and process work. The live 
and exhaust steam valves were interlocked in such a 
way that the maximum amount of exhaust steam would 
be used at all times. 

The exhibit of Northern Equipment Co. featured 
a working model of the Copes boiler feed water regu- 
lator, showing the relation between boiler load, water 
level and automatic control of water input. A water 
level indicator was shown based on the balancing of a 
constant head ‘of water against the varying head of 
water caused by fluctuations in water level in the boiler. 

Atlas Valve Co. displayed its new Campbell boiler 
feed regulator, employing the principle of pressure drop 
through an orifice. The variations of water level are 
measured by variations in steam pressure, the steam 
coming from the water column as the water level falls 
below the bottom of a pipe inserted vertically from the 
top of the column. These variations of pressure are 
transmitted through a diaphragm to the control valve. 


Om AND WATER PURIFIERS AND COOLERS 


Attention was called by Griscom-Russell Co. to a 
section of its bent tube, high-pressure evaporator, of 
the submerged self-scaling type. The headers in this 
unit are arranged vertically and held rigidly at top and 
bottom, so that the bending of the tubes, due to change 
in temperature, cracks off any scale which may form. 

Cochrane Corp. featured the Cochrane strainerless 
conical filter, designed to eliminate the use of collect- 
ing manifolds and strainer heads. A single control 
valve is provided, which gives complete control of back 
washing, filtering and all other operations, while a flow- 
rate controller is provided to prevent washing out of 
the sand. 


Borers, ECONOMIZERS, SUPERHEATERS, WATER AND 
Om Heaters 


The Dampney Co. of America, by means of an illu- 
minated diagram, showed the method of application and 
the action of Apexior, a protective coating for the in- 
ternal surfaces of boiler drums and tubes. This mate- 
rial, which is a liquid of about the consistency of paint, 
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comes all prepared for use, is injected into the tube by 
means of a depositor, and is then brushed onto the tube 
surface by means of a powercoater, used in place of the 
cutting head of any standard type of tube cleaner. 
Connery & Co., Inc., showed a new type of adjust- 
able covering support for its wagon top boiler breech- 
ings. The new support consists simply of a series of 
brackets fastened to the breeching with arms reaching 


January 1, 1927 


September, 1920 to December, 1925, and handled about 
40,000,000 Ib. of steam with gas at 1500 to 1800 deg. 
A new and interesting type of electric steam gen- 
erator was shown by the Bigelow Co., developed in co- 
operation with the General Electric Co. The boiler unit 
itself is designed for 100-lb. working pressure in accord- 
ance with the A. S. M. E. boiler code requirements. The 
small units, in sizes of 12, 24 and 60 kw., are built with 
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FIGs. 28-33. REFRACTORIES AND INSULATING MATERIAL SHOWED INFLUENCE OF TRENDS TOWARD HIGHER TEMPERATURES 


out and carrying a series of holes through which the 
rods are run, thus allowing adjustment to give what- 
ever space is considered necessary under the covering. 

The Superheater Co. exhibited units taken from 
superheaters after long service at Hellgate and at the 
Fordson plant. The unit from the Hellgate superheater 
- was in service from November, 1921 to December, 1925, 
and during that time. handled approximately 32,000,000 
lb. of steam with gas temperatures at the superheater 
of 1200 to 1500 deg. The Fordson unit was in use from 


the heating elements inserted from the bottom. The 
large units in sizes up to 250 kw. are of the double- 
cylinder type. The standard Bigelow Hornsby boiler 
was also shown by an actual working model. 

Babeock & Wileox Co. displayed a high-pressure 
water gage of the flat type, as applied to many modern 
high-pressure boilers, also several forged steel nozzles, 
wrought steel headers of various types and an indus- 
trial motion picture showing steps in the building of 
B. & W. boilers. 
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A new water wall construction was featured by 
Heine Boiler Co. for pressures of 600 to 700 lb. This 
has headers of square seamless tubing forged to round 
on the end for Van Stone flanges, with special type of 
hand hole plates opposite each tube. The ends of the 
headers are also closed by forging. Drawings and photo- 
graphs were shown of a 415-lb., V-type bent tube boiler 
and of a one-piece drum with the longitudinal seam 
welded before the butt strap is put on. 

The Wickes Boiler Co. showed a patented one-joint 
header designed to take the rivets out of the fire and 
to eliminate wrapper sheets used sometimes on box 
header types of water tube boilers. 

Boiler Engineering Co. showed a section of the Beco 
baffle wall illustrating the self-supporting feature of 
the walls and the reduction in weight obtained by the 
design. 

Lamont Steam Generators, utilizing the principle of 
film evaporation, attracted considerable attention at the 
booth of the Lamont Corp. In this boiler extremely 
small tubes are used, a large quantity of water is in- 
jected into each tube, the water forms a film on the tube 
and steam forms in the hollow core, and the water and 
steam are then removed and separated. 


METERS, THERMOMETERS AND OTHER INSTRUMENTS 


Republic Flow Meters Co. exhibited its new line of 
panels for measuring and controlling flow of steam, 
water, gases and the like. Various combinations of 
indicating and recording meters are mounted on panels 
according to the particular records desired for control 
of boilers, gas producers, both individual and totalizing, 
panels for water pumping plants and filtration plants, 
and so on. Improvements have been made in the flow 
integrator. The panels exhibited were also equipped 
with a new type of recorder, using a strip chart on 
which six records can be placed. The CO, recorder has 
been equipped with electrical transmission to the indi- 
eator or recording device from the machine itself. 

A new steam pressure indicator, known as Model 11, 
was the feature of the Bristol Co.’s display. This indi- 
cator is designed with an unusually wide scale, which 
can be read easily at a distance and the unit is designed 
as the receiver for the long distance transmitting pres- 
sure gages. ; 

The Brown Instrument Co. had on exhibition a large 


display panel to show how the inductance bridge prin-- 


ciple is applied in its new electric flow meter. Vari- 
ations in voltage are of no consequence, since the pro- 
portions of voltage and magnetic flux, in the divided 
coils, will be the same, no matter what the actual volt- 
age is at the meter. The Brown CO, recorder has been 
improved by placing the condenser, filter and cell to- 
gether as a single unit which is water-cooled. Use of 
a storage battery with the recorder has been eliminated 
by providing a motor generator set. 

The Ashton Valve Co. featured a new 48-in. master 
pilot gage for the boiler room, equipped with a Universal 
dial. This dial, instead of showing boiler pressure, 
shows variations from the standard pressure. 

At the booth of Bailey Meter Co. was shown a most 
interesting and attractive exhibit of glass fittings to 
demonstrate the effect of pipe fittings on flow of fluids. 
A long 3-in. glass pipe was equipped with a Bailey fluid 
meter, the whole arrangement designed to show the ori- 
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fice, the differential pressures at various points, the vena 
contracta and the restoration of pressure. Water cir- 
culated through this tube, passed around through a 
standard pipe fitting, and then through another glass 
tube where the wave disturbance caused by the fitting 
was clearly shown. 

At the booth of C. J. Tagliabue Mfg. Co. was shown 
the new model of the Tag Mono duplex recorder, indi- 
eating both CO and CO, in flue gas, and recording both 
on a 24-hr. circular chart. On the indicator of this in- 
strument, two pointers are used, a red one and a black 
one. When the red pointer shows, combustible gases are 
present, but when no combustible gases are present, that 
is, when there is no CO, the red pointer is covered by 
the black one, thus indicating the best combustion con- 
ditions at that particular time. One of the features of 
the apparatus is the centralized alkali supply distrib- 
uted by a motor-driven centrifugal pump at the alkali 
tank. All parts of the instrument are of metal to make 
the whole device rugged and dependable and eliminate 
glassware. 

The Foxboro Co., Ine., demonstrated a new rate-of- 
flow controller, in which the fluid is measured and con- 
trolled by the new Foxboro differential recorder. A 
new boiler water level recorder was exhibited, which 
indicates high and low water, blow down and priming. 

A newly developed control system was shown by 
Uehling Instrument Co. which is adaptable to control 
of temperature, pressure, vacuum, combustion, humidity 
or any other variable. This is not a stock apparatus 
but has been applied to many special types of work. 
Its operation depends on the action of a newly-developed 
electrical relay, actuated by any of the variables it is 
desired to control. 

A Reliance gage column, designed for 650-lb. pres- 
sure, and tested for 1500 lb., was featured at the Paul 
B. Huyette Co. booth. This has seamless copper nickeled 
floats, a flat type gage glass of 5g ground glass, separate 
high and low water alarms renewable outside the col- 
umn and specially designed gage columns. The P.B.H. 
adapter, for converting a vertical water gage to an in- 
clined one, was shown as well as a complete line of the 
new Hays pointer-type gages. 

A nozzle-type safety valve for 1500-lb. service was 
displayed by Crosby Steam Gage and Valve Co. 

Weston Electrical Instrument Corp. showed a com- 
plete display of its rectangular space-saving meters, call- 
ing particular attention to the junior portable instru- 
ments with bakelite casings, designed for light weight, 
for industrial work and field surveys. A newly-devel- 
oped magneto, which was run for 1715 days at 2000 
r.p.m. with 0.4 per cent speed variation, was also shown 
suitable for adaptation to speed-measuring instruments. 

Features of the long distance recording thermometer 
shown by Taylor Instrument Cos. were the electrical 
transmission, the instrument unaffected by voltage vari- 
ations, the operation of the meter unaffected by vibra- 
tion, the high torque to overcome friction errors, use at 
any distance, and compensation for stray magnetic 
fields. 

At the booth. of Diamond Power Specialty Co. was 
shown a Dialoy element which has been used for 302 
days in the first pass of a boiler at Hellgate Station. 

The Vulean Soot Cleaner Co. called attention to the 
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improved construction of the packing gland, allowing 
greater ease in packing. Another air valve has also been 
added on this unit to insure complete breaking of the 
vacuum. 

The Bayer Co., in exhibiting a special attachment 
to its valve-in-head model K-2 soot blowers, showed how 
air is circulated through the blower element when it is 
not in use. 
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hauster. They are supplied for pressures up to 6 lb. 
per sq. in. and in sizes up to 600 ¢c.f.m., and are ap- 
plicable, of course, to many other processes. The new 
Buffalo Hi-pressure unit heaters were also exhibited. 
These are suitable for steam pressures up to 150 Ib. 
and use the Buffalo conoidal fan. 

Clarage Fan Co. featured its type FD blower de- 
signed for high speed forced draft work. This has two 
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FIGS. 34-38. PNEUMATIC SWEEPING SYSTEMS, EVAPORATORS, SUPERHEATERS, ASH-HANDLING AND MECHANICAL 
EQUIPMENT 


Drarr Equipment, Fans, BLowers, Etc. 

L. J. Wing Mfg. Co. featured the Wing Feather- 
weight unit heater for industrial use, designed to be 
installed overhead and to direct the heat downward to 
the floor or working level. 

The new Buffalo cinder-eliminating fan was an- 
nounced by Buffalo Forge Co. The rotor of this fan 
is identical with that used in the Conoidal fan and the 
. front part of the casing contains a special scroll de- 
signed to eliminate any solids in the gas and discharge 
them through louvres into an air-tight hopper. There 
was also shown the Buffalo multi-stage blower and ex- 


single inlet wheels with 16 blades each pitched back- 
ward from the direction of air flow and ribbed to pre- 
vent distortion. Ball bearings are used throughout, the 
bearing supports being on pedestals outside the housing, 
which is of extremely rugged construction. 

The Sturtevant Turbo-vane fan has now been 
adapted to induced draft service by B. F. Sturtevant 
Co. This has a bladed impeller with curved floats de- 
signed to be self-cleaning, operates at high speed, has 
water-cooled bearings and symmetrical housing with 
spiral inlets. The most recent development of this com- 
pany, however, is the propeller fan for forced draft 
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work. This is a unit designed to supply volumes up to 
40,000 ¢.f.m. at 5-in. static pressure. Another recent 
development shown at this booth, was the Sturtevant 
tubular air heater, made in standard sections five tubes 
wide and any number of rows up to about 36. A stuf- 
fing box arrangement around the movable tube sheet is 
designed to prevent leakage. 


GRATINGS AND STAIRWAYS 

Irving Iron Works Co., in its display of Subway 
grating, called attention to the Visabledge Safstep which 
has a special double crimp near the nose of the step, 
thus helping a person using the stairs to see the edge 
of the step clearly. Another feature of construction on 
the Subway grating was the streamline splice by which 
the grating is made into one continuous and rigid plat- 
form over its whole area. 

Feralun, an antislip platform material and stair 
tread, was featured by American Abrasive Metals Co. 


This is made of cast iron with an aluminum oxide 


abrasive cast in the wearing surface. It is designed to 
be effective when there is any slippery material on it. 
It is made in floor plates, trench covers, drainage types 
and stairways, as may be desired. 

The Trilock Co. also exhibited a grating and tread, 
the bars of which are locked by a right and left twist 
lock in alternate bars, and the cross-bars are pressed 
under 1600-t. hydraulic pressure into the two twist 
locks. 

Keystone Lubricating Co. showed an _ interesting 
model of a rolling mill, lubricated with its Keystone 
Safety Lubricating System. This showed the device 

‘for putting the whole lubricating system under a pres- 
sure of 150 to 200 lb., the converter cup for equalizing 
pressures, and the quick release regulating valve on each 
bearing. 


CONDENSERS 

Of particular interest, at the booth of the Wheeler 
Condenser & Engr. Co., was a model of a surface con- 
denser, equipped with special valves for reversing the 
water flow to clean the condenser. One water inlet and 
one water outlet are provided on each water box, and 
motor-operated flap valves are built into the water boxes 
so that the water from either pump can be diverted into 
either half of the condenser. 


C. H. Wheeler Mfg. Co. called attention to a new 


three-stage, high vacuum Radojet air pump. A dead 
end test on this pump showed vacuum of 29.96 in. of 
mereury compared to a 30-in. barometer and the unit 
operated at 29.85 in. of mercury with the same barom- 
eter, removing 38 lb.. of air per hr. with cooling water 
at 70 deg. This company also featured a twin drainage 
control for removing condensate from the inter and 
after condensers of Radojet air pumps. 

Ingersoll-Rand Co. showed an illuminated drawing 
of its new type of single-pass surface condenser. This 
showed the heart-shaped shell, the staging of tubes and 
flow areas proportionate to the steam volume and the 
way in which the condenser is divided into sections by 
steam-tight support plates. There was also exhibited 
here a 350-g.p.m. Cameron multi-stage centrifugal boiler 
pump, designed for 3500 r.p.m. and 900 lb. pressure, 
as supplied with four other similar units to the new 
plant of the Solvay Process Co. 
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CoaL AND ASH HANDLING MACHINERY 

At the booth of the Allen-Sherman-Hoff Co. was a 
Scene-in-action showing the operation of the Hydrojet 
system for the handling of ash. This interesting view 
showed the accumulation of ash in the air-cooled, sec- 
tional cast iron furnace bottom, the type C gate, con- 
trolling the flow of ash which dropped to the cast iron 
clinker chamber. From this chamber it is fed hydraul- 
ically through a grid into the Hydrojet sluiceway. 

A quarter-size model of the American Ring coal 
crusher was shown at the booth of American Pulverizer 
Co., showing the method of crushing run of mine coal 
to any desired product as ready feed for coal pulver- 
izers. This machine will crush coal down to 4 in., 
tramp iron being thrown out automatically and an auto- 
matic apron preventing overloading and acting as a 
safety valve on the machine. 

The standard line of steam jet and hydraulic con- 
veyors of the Girtanner Engineering Corp. was shown 
by working models. The construction of 90-deg. elbows 
with liners and nozzles was shown and the models were 
arranged to duplicate actual plant conditions. 

In its complete working model of a centralized coal 
and ash handling system, R. H. Beaumont Co. incor- 
porated a tram car with an automatically opening bot- 
tom to carry the coal from the skip hoist across the 
bunkers instead of using a conveyor. 

Another interesting coal handling model was shown 
by Richardson Scale Co., showing a miniature boiler 
house with three types of automatic scales and larry, 
weighing coal to tiny stokers and miniature pulverizers. 

A telescopic hoist for handling ash cans, as applied 
to ash removal systems under sidewalks, in capacities 
up to 500 lb. load, was featured by Gillis & Geoghegan. 

Sauerman Bros., Inc., showed a small model of its 
drag scraper as used to store and reclaim coal. All con- 
trols are from a central point, the tail block car being 
propelled around its track by an electric motor and the 
seraper itself being of extremely rugged construction. 


CLEANING EQUIPMENT 

Tabco products and systems for pneumatic sweeping 
of power plants were featured by Allen & Billmyre 
Co., Inc. These were shown in operation picking up 
large wads of paper, nuts, washers and other unusual 
materials and are designed for removal of coal siftings, 
pulverized coal dust and such materials in power plants. 
A 5-hp. blower exhauster was in operation to show its 
quiet running and to call attention to the fact that it 
has only one moving part. 

The Spencer Turbine Co. showed its type of vacuum 
cleaners for industrial plants, together with Spencer 
turbo-compressors for supplying air at one to three 
pounds pressure. 


AiR CONDITIONING EQUIPMENT 
An interesting model of a power house, equipped 
with Swartwout ventilators, was exhibited by the Swart- 
wout Co., showing how, with proper inlets at the floor 
level and the windows closed, these rotary ventilators 
will produce a steady air flow through the room. 
Carrier Engineering Co. showed a full-size model 
of its new Dielene refrigerating unit and an opened 
model of the centrifugal compressor used with this unit, 
showing how the only contact of moving parts is at the 
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bearing. An attractive illuminated drawing also showed 
the application of this unit to air conditioning in a 
theatre to cool and humidify the air. 

The American Blower Air Filter, with its cell con- 
struction, was demonstrated by American Blower Co. 
Each of these cells is composed of perforated aluminum 
plates on which filaments are placed to catch the dirt, 
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filter of two-stage construction with renewable oil pad 
at the top of each filter cell. The National rotary air 
filter and the Phoenix constant effect air filter, both of 
the moving screen type, were displayed by Drying Sys- 
tems, Ine. 

Ernst & Co. featured its forged steel water column 
for service up to 750 lb., equipped with the adjustable 
































FIGS. 39-45. UNIT PULVERIZERS, COMBUSTION CONTROLS, TURBINES, DIESEL ENGINES AND PUMPS 


the perforation of the plates being staggered. This is 
designed to keep the dust elimination constant, to avoid 
the use of adhesives and to provide a simple mechanical 
design. 

The Reed Air Filter Co. displayed the Reed Self 
Cleaning filter in which the oil and dirt are washed 
from the tubes as soon as the fan is shut down, thus 
making it possible to clean the unit thoroughly. The 
Cooling Tower Co., Inc., displayed the Tangldust air 


inclined water gage, flanged steel fittings and the 
National water column illuminator, together with leak- 
less gage cocks. National Co. displayed a line of cell 
door hardware for compartment doors such as those used 
in indoor bus structures in power plants. 

Andale Engineering Co., among its various types of 
strainers, oil coolers and similar equipment, featured the 
bronze tube air cooler for cooling, drying and cleaning 
compressed air. This unit has a bronze tube bundle, 
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removable as a unit, the air goes through the tubes and 
the unit is set vertical to occupy minimum space. 

A new and interesting type of steam purifier was 
shown by International Filter Co. By causing the steam 
to pass between thin bands or ribbons, which give it an 
undulating motion, any liquid or solid particles will be 
deposited on these bands and projected into scrubber 
pockets at the side. 

Ross Heater & Mfg. Co. showed a high-pressure evap- 
orator designed for 1600-lb. pressure on the tube side, 
to be used with tube and tank cracking coils: The shell 
was machined from a solid forging and there are 16 
passes through the tubes. 

An interesting exhibit of mechanical speed reduction 
equipment was made by De Laval Steam Turbine Co. 
This showed a De Laval worm gear, driven from a 
motor, reducing the speed from 1150 to 159 r.p.m., then 
with a second similar worm gear unit, raising the speed 
to 1150 again to drive a generator to supply power for 
a pump testing outfit which was set up in the booth. 
A 350-hp. multi-stage turbine rotor, designed for 10,000 
r.p.m., was also shown. 

Timken Roller Bearing Co. displayed an apparatus 
for showing how the alinement of rollers in its bearings 
is automatically taken care of by the construction of the 
rollers and the cone and does not depend on the cage. 
This company also displayed a 9-in. roll neck bearing 
used in steel mills, and has supplied them up to 20-in. 
bore. 

Several new and interesting lubricating devices were 
exhibited by Carr Fastener Co. The new Dot auto- 
matic cup, exhibited in operation on a revolving shaft, 
is filled with the Dot gun and feeds back grease under 
control by a tapered plug in an orifice, to prevent the 
grease rushing out when pressure is first applied. This 
construction is designed to give constant flow, the cup 
warms up with the bearing, feeding more lubricant as 
the bearing gets warmer and seals the end by keeping 
the bearing full. The Dot gun is filled through the 
nozzle from a tank; this allows the gun to be filled 
without removing plunger or cap. 

_ The Klingerit Co., Inc., showed its new piston valve 
for high pressure or saturated steam or gases. This 
valve employs a piston instead of a disc, thus eliminat- 
ing stuffing boxes and regrinding. 

In showing the Liberty valve operator, Liberty Elec- 
tric Corp. called especial attention to ‘the magnetic 
clutch driving the valve stem through a multi-dise me- 
chanical safety clutch set to slip before the torque trans- 
mitted to the stem becomes too great. 

The Keystone slicing stoker, a hand-operated stoker 
equipped with slicing pins, which come up through the 
fuel bed to break up the fire when necessary, was ex- 
hibited in a full-size model. 


News Notes 


STANDARD TURBINE Corp., Scio, N. Y., announces the 
opening of an office at 1905 Chemical Bldg., St. Louis, 
Mo., under the management of F. E. Bausch. 


J. P. GreEenwoop, who for the past year has been 
associated with McClave-Brooks Co., will return to 
Dallas, Tex., and engage in engineering on Jan. 1, 1927. 


Bearing Co., Canton, O. 
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ANNOUNCEMENT has just been made that the Illinois 
Stoker Co. of Alton, Ill., has recently consolidated with 
the K-B Pulverizer Corp., New York. The Pulverburner 
is now being manufactured and sold by the Illinois 
Stoker Co. 


THE Wickes Boruer Co., Saginaw, Mich., has re- 
cently appointed Henry E. Aldrich, general manager, 
with headquarters at Saginaw, Mich., and J. Robert 
Fortune as general sales manager with headquarters in 
the General Motors Building, Detroit, Mich. 


PERKINS MACHINE & Gear Co., Springfield, Mass., a 
new company incorporated under the laws of Massa- 
chusetts, has recently taken over the Perkins Appliance 
Company. The management of the new company is 
vested in Julian L. Perkins and J. A. Perkins, who or- 
ganized and developed the old business with the addi- 
tion of John Oakley, of the Baush Machine Tool Co., 
and Adolph W. Gilbert, president of Chapman Valve 
Mfg. Co., and his associates. Mr. Gilbert is also chair- 
man of the board. 


H. M. Bytuessy & Co., Chicago, Ill., announces the 
purchase of the Midwest Public Service Co., supply- 
ing electricity to a group of twelve communities in 
Wyoming, southeastern Montana and southwestern 
South Dakota. The new properties will be operated as 
part of the Casper, Wyo., division of the Mountain 
States Power Co. 


PauL ACKERMAN has recently been appointed engi- 
neer of the service department of The Timken Roller 
All service work of the auto- 
motive, industrial and steel mill divisions will be co-or- 
dinated under his direction and he will maintain his 
headquarters at Canton, O. 


ApvoutpH J. Luicx, formerly valuation and rate engi- 
neer of the North American Light & Power Co., has be- 
come associated with Thomas J. Lucas under the firm 
name Lucas & Luick, consulting engineers with offices 
at 231 So. La Salle St., Chicago, Ill. 


Merrorp R. Runyon, formerly connected with the 
Benson Rolling Mills, manufacturer of brass and bronze, 
has recently been appointed district sales manager for 
the New York Metropolitan district by the Bridgeport 
Brass Co., Bridgeport, Conn. 

FLEXITALLIC GASKET Co., Camden, N. J., has estab- 


‘lished a branch office at 539 Singer Bldg., New York 


City, with Frank Groves, sales manager of the company, 
in personal charge. 

THE Cities Service Co., operated by Henry L. 
Doherty & Co., New York City, has acquired the plant 
and property of the Bluff City Electric Co., Bluff City, 
Tenn., and will operate it in the future. 


Krevey & MUELLER, INc., New York City, announces 
the appointment of Rittelmeyer & Co., Bona Allen. Bldg., 
Atlanta, Ga., as its representatives in that state. 

PLANS ARE BEING completed for the proposed merger 
of a number of power companies in Georgia under the 
direction of the Georgia Power Co., Atlanta. Some of 
the companies to be included are the Mutual Light & 
Water Co., Brunswick; Southern Power Co., Atlanta; 
Athens Gas Light & Fuel Co., Athens. 

The Union Carspie & Carbon Corp. announces the 
election of W. F. Barrett to vice-presidency and G. W. 
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Mead to member of the board, which took place at a 
meeting of the board of directors on Nov. 23. 

AMERICAN MACHINERY and vehicles valued at $17,- 
400,000 were included in American shipments to the 
Soviet Union during the Soviet fiscal year ending Sep- 
tember 30, according to figures compiled by the Russian 
Information Bureau. The total of American exports to 
the Soviet Union for the fiscal year was $55,000,000, so 
that machinery accounted for nearly one-third of the 
business. 

THE Montana-Daxota Power Co. has arranged for 
the purchase of the plant and property of the Medicine 
Lake Electric Utilities, Medicine. Lake, Mont., and will 
take over and operate with its other state properties. 
Plans have been arranged for the construction of a high- 
tension transmission line to Medicine Lake, to furnish 
power to this section. Plans are also under way for the 
acquisition of the municipal electric power plant at Miles 
City, Mont., for a stated consideration of $300,000, and 
if acquired, extensive work will be carried out in this 
territory, including transmission line construction. The 
purchasing company was organized recently; C. J. 
Heskett is general manager. 


THe NORTHWESTERN Power & LicHT Co., Port 
Angeles, Wash., has work in progress on a new hydro- 
electric plant on the Elwah River about 11 mi. from the 
city to be used primarily for service at the new local 
mill of the Washington Pulp & Paper Co. The plant 
will be of the single unit automatic type, the generating 
equipment comprising a 17,000-hp. vertical shaft water 
wheel driving a 13,333-kv.a., a.c. generator. The trans- 
former station will be of the outdoor type, with three 
4500-kv.a. transformers, switching equipment and auxil- 
iary apparatus. A single arch dam has been built 190 
ft. high, providing a reservoir to impound approximately 
40,000 acre feet. It is expected to have the new sta- 
ion ready for service early in the coming year. 


Catalog Notes 


COMBUSTION ENGINEERING CorpP., New York City, has 
recently issued a new bulletin describing Raymond roller 
mills as made by Raymond Brothers Impact Pulverizer 
Co., Chicago, Ill. In addition to describing the standard 
construction of the Raymond roller mill with air sepa- 
ration, in the various types of low and high side mills, 
the booklet calls attention to a new pneumatic feed con- 
trol which has been applied to these mills. This control 
is operated entirely by the change in vacuum in the 
machine which, in turn, changes as the amount of load 
varies. The amount or quantity of material fed is 
varied by the speed of the feed roll, regulated by means 
of the simple pawl and ratchet mechanism and by the 
length of the crank arm. The pawl which engages the 
ratchet wheel has attached to it the pneumatic control 
for automatically lifting the pawl out of contact and 
dropping it into contact, depending on the variation of 
vacuum in the system. Interesting photographs of in- 
stallations and of details of the Raymond mills are given 
in the bulletin. 


In Catauoe No. 51, just issued by Joseph A. Mar- 
tocello & Co., Philadelphia, Pa., a complete and inter- 
esting discussion is given of the whole subject of raw 
water aerating equipment for ice making. The catalog, 
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which contains 176 pages and many illustrations, dis- 
eusses, first, the general principles of aerating with both 
the low pressure and high pressure systems and various 
arrangements of can baskets and drop tubes and then 
goes on to describe details of the equipment as made by 
this company. 

Instructions for operating various types of raw 
water systems are given and particular attention is paid 
to the advantages of the use of low pressure air in pro- 
ducing high quality ice. 


LinKx-BEtt Co., Chicago, has established a temporary 
branch office at 152 Temple St., New Haven, Conn., in 


charge of R. H. Hagner. 


PuysicaL Properties of Nickel and Nickel-Chromium 
Steels are told in No. 2 of the bulletins on nickel steel 
data and applications issued by The International Nickel 
Co., 67 Wall St., New York City. 


THe Wm. B. Pierce Co., Buffalo, N. Y., in a small 
folder describes the improved Dean, which is a tube 
cleaner for water tube boilers and gives some funda- 
mental information on the removal of scale from boilers. 


PIONEER RuBBER Mis, San Francisco, Calif., in a 
new 98-page illustrated catalog, describes its principal 
products, such as rubber belting for power transmission, 
conveyors, elevators and the like, hose of all kinds and 
packing. 

THE HypRAULIC PRESs, a new magazine published by 
the Hydraulic Press Mfg. Co., Columbus, Ohio, contains 
several interesting articles on applications of hydraulic 
presses and other hydraulic equipment in the manufac- 
ture of metal products, bakelite, storage batteries and 
other equipment. 


ArERoIL Burner Co., Inc., Union City, N. J., has 
recently issued bulletin No. 52 entitled ‘‘ Winter Con- 
struction Tools’’ and bulletin No. 54, the subject of 
which is ‘‘Smokeless Heating Equipment.’’ These bul- 
letins are prepared to show the application of oil burners 
in the building and other industries where a portable oil 
burner is needed. 


‘‘THE Right REFRACTORY FOR THE RIGHT PLACE’’ is 
the principal subject discussed in the December number 
of the bulletin issued by Laclede-Christy of St. Louis, 
Mo. In this bulletin the scope of the work carried on 
in the company’s research laboratory is described in 
such a way as to show what the comp ny’s pioneering in 
ceramic research means to the user of refractories. 


‘*Srrocco’’ Fans AND BLOWERs are described in bul- 
letin No. 8001 recently issued by the American Blower 
Co. of Detroit, Mich. This bulletin is well illustrated 
with halftones and line drawings and contains a full set 
of tables giving the capacities, speeds, air velocities and 
other data convenient in selecting the proper type of fan 
for the service intended. 


‘*ELECTRICAL Prorectinc MATERIALS and Conduit 
Fittings’’ is the title of catalog No. 31 recently issued 
by the Chicago Fuse Mfg. Co. of Chicago, Ill. This 
catalog illustrates, describes in detail and gives the list 
price of the various products manufactured by the Chi- 
cago Fuse Mfg. Co. and will be found of value to those 
contemplating wiring jobs, as well as those in mainte- 
nance work. 
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